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Abstract

The author found that magnetic fields can be measured using the ampere force on a small current element, or using a small
loop current coil. Using a small loop coil current measurement actually measures the average magnetic field on the loop.
Under quasi-static or magnetic quasi-static conditions, the average magnetic field measured on the loop and the magnetic field
measured using a linear current element are the same. Two definitions are equivalent. There are also two methods for measuring
magnetic fields for changing currents or alternating electromagnetic fields using a small coil and a linear current element. The
magnetic field obtained from the measurement of alternating magnetic field by a small coil on the loop under quasi-static or
magnetic quasi-static conditions is the same as that obtained from the measurement of linear current element. We usually say
that a magnetic field is the curl of a vector potential. More precisely, the average magnetic field defined on the loop is the curl
of the vector potential. Regardless of whether the average magnetic field is under quasi-static conditions or under magnetic
quasi-static conditions, it remains the same as the magnetic field measured by the linear current element. Therefore, we can say
that a magnetic field is the curl of a vector potential. But this no longer holds true in the case of radiated electromagnetic fields.
For radiated electromagnetic fields, it refers to the retarded electromagnetic field. The average electromagnetic field measured
on the loop and the magnetic field measured by the linear current element are different. Therefore, for electromagnetic waves,
it is incorrect for the curl of the magnetic vector potential to be the magnetic field. The curl of the magnetic vector potential
corresponds to the average magnetic field on the loop. This article describes the author s discovery. The author s discovery stems
from the mutual energy theorem proposed by the author in 1987. People argue that this theorem is not an energy theorem, but
a reciprocity theorem. In 2017, the author successfully proved that this theorem is indeed the energy theorem and developed it
into the law of conservation of energy. The author further proposed the theorem of mutual energy flow. The author believes that
mutual energy flow transfer the electromagnetic energy and it is the photon. The author believes that self energy flow does not
transfer energy and should radiate reactive power. That is to say, electromagnetic waves should be reactive power. This indicates
that the electric and magnetic fields of electromagnetic waves should maintain a 90 degree phase difference, rather than being
in phase. We know that according to Maxwell s electromagnetic theory, the electric and magnetic fields of electromagnetic waves
are in phase. This indicates that the energy conservation law and the mutual energy flow theorem proposed by the author conflict
with Maxwell's electromagnetic theory. Thus, a loophole in Maxwell s electromagnetic theory was discovered. This vulnerability
is a confusion between the average magnetic field measured on a circular coil and the magnetic field measured with a straight
wire. The average magnetic field on a loop is completely different from the magnetic field on a straight wire. The original
definition of a magnetic field was defined by a linear current element or straight wire. This has led to a problem with the definition
of the magnetic field for radiating electromagnetic waves in Maxwell’s electromagnetic theory. This issue requires us to revise
some of Maxwells radiation electromagnetic field theory.

Keywords: Magnetic Field, Ampere Force, Lorentz Force, Magnetic Vector Potential, Retarded Wave, Advanced Wave, Retarded
Potential, Advanced Potential, Maxwell; Poynting, Wheeler, Feynman, Dirac, Cramer,Welch, Rumsey.

1. Introduction electromagnetic theory during this process. The characteristic of
After nearly 40 years of effort, the author ultimately revealed this electromagnetic theory is to acknowledge that 1) advanced
serious loopholes in Maxwell’s classical electromagnetic theory. waves are objective physical phenomena, so any current
Although it was ultimately discovered that it was a problem with  produces half retarded waves and half advanced waves; The
the definition of magnetic fields, the author has established anew retarded wave and the advanced wave superimpose on each
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other on the surface of the current, rather than canceling out; 2)
Electromagnetic waves propagate in the field of the charge itself,
rather than in the ether or field belonging to space. Therefore,
electromagnetic waves cannot propagate independently in
space without their source, nor can they overflow the universe.
Therefore, the mutual energy theorem is actually the law of
conservation of energy; 3) Electromagnetic field theory refers
to the retardation (or advancement) of the electromagnetic
field rather than the retardation (or advancement) of the vector
potential; 4) The mutual energy flow possesses all the properties
of photons, therefore photons are mutual energy flows. The

_fyl E;-J,dV = sz E,-J3dV

And established the concept of inner product on surfaces I,

energy flow in electromagnetic field theory is the mutual energy
flow rather than the self energy flow represented by the Poynting
vector. The following author introduces the development process
of this new electromagnetic theory.

1.1 Mutual Energy Theorem

The author completed a paper on the mutual energy theorem
during his graduate studies at Xidian University in P. R. of China
in 1987 [1]. The formula for the mutual energy theorem is as
follows:,

(1)

Cué2) = 9§6F (Ey XxH,+ E; X Hy)-7dl

Using this inner product, the author completed the spherical
wave expansion, plane wave expansion of electromagnetic
waves and the resulting Huygens principle [1-3]. These papers
have sparked strong debates in Xidian University. Some teachers
believe that this theorem cannot be called the energy theorem
and can only be called the reciprocity theorem. The author hopes
to prove from Poynting’s theorem that this theorem is indeed
an energy theorem. It is widely recognized that Poynting’s
theorem is the energy theorem. If this theorem can be proven
from Poynting’s theorem, then of course, this theorem is also
the energy theorem. But the author was unable to complete this
proof at that time.

1.2 The Mutual Energy Theorem is The Energy Theorem

The author later worked in the field of medical imagings. 30 years
have passed in a blink of an eye, and as the author is about to
retire, he has returned to the topic of the electromagnetic mutual
energy theorem. The first thing the author needs to solve is
whether this theorem is an energy theorem. At this time, the times
had advanced, and the author found the reciprocity theorem of
de Hoop’s cross correlation [4]. This theorem happens to be the
inverse Fourier transform of the mutual energy theorem published
by the author. This theorem was published slightly later than the
author, at the end of 1987. De Hoop positions this theorem as the
reciprocity theorem. It seems that this theorem should indeed be
called the reciprocity theorem. The author found Welch’s time-
domain reciprocity theorem published in 1960 in the citation of
the de Hoop paper [5]. The time-domain reciprocity theorem
is the core part of the de Hoop cross correlation reciprocity
theorem, and can also be seen as the inverse Fourier transform
of the author’s mutual energy theorem. Therefore, the mutual
energy theorem proposed by the author and two reciprocity
theorems can be regarded as one theorem. The author found
that it is easy to prove from the time domain that Welch and
de Hoop’s reciprocity theorem is a sub-theorem of Poynting’s
theorem. This actually proves that the mutual energy theorem
is also a sub-theorem of Poynting’s theorem. Before 1987, the
author attempted to prove the theorem of mutual energy from
the complex Poynting theorem, but failed. In fact, the complex
Poynting theorem is not a Fourier transform of the time-domain

Poynting theorem. The complex Poynting theorem and Poynting
theorem are two independent theorems. To prove that the mutual
energy theorem is the energy theorem, we need to start from
the time-domain Poynting theorem to prove Welch or de Hoop’s
time-domain reciprocity theorem, and then perform the Fourier
transform to obtain the mutual energy theorem. Therefore, the
mutual energy theorem should be the energy theorem.

However, the author also discovered the “new reciprocity
theorem” published by Rumsey in 1963 and the “second Lorentz
reciprocity theorem” published by Petrusenko in 2009 [6, 7].
These reciprocity theorems are actually the same as the author’s
published mutual energy theorem [1]. So why do Welch,
Rumsey, de Hoop, and Petrusenko position this theorem as a
reciprocity theorem? The author still faces the problem. Only
the author believes that this theorem is the energy theorem. The
author noticed that this theorem involves advanced waves. The
two fields in this theorem correspond to subscript 1 and subscript
2, respectively. One is a retarded wave, and the other must be an
advanced wave. Advanced waves violate causal relationships.
Not recognized in the engineering community. This may be
the fundamental reason why Welch, Rumesy, de Hoop, and
Petrusenko have positioned this theorem as a reciprocity
theorem.

1.3 Existence of advanced waves

The author began searching for papers on advanced waves, and
the first thing that caught attention was Wheeler and Feynman’s
absorber theory [8, 9]. The absorber theory is based on the action
at a distance theory [10-12]. Another foundation of Wheeler and
Feynman’s absorber theory is Dirac’s self force theory [13].
This self force theory advocates that current not only generates
retarded waves, but generates half retarded and half advanced
waves. Cramer established a quantum mechanical transactional
interpretation based on Wheeler Feynman’s absorber theory [14,
15]. Furthermore, Stephenson’s views on advanced waves also
had a significant impact on the author [16]. Wheeler, Feynman,
Dirac, Stephenson, Cramer, and others all advocate that advanced
waves are an objective existence in physics. After studying these
theories about advanced waves, the author believes that their
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view that advanced waves exist objectively in physics is correct.

1.4 Mutual Energy Flow Theorem

_fVl E; ]1dV = (611 62) = sz E1 ];dV

(¢1,82) = ¢p. (Ey X Hy + E; X Hy) - idT

In 2017, the author published the Mutual Energy Flow Theorem
[17],

(2)

(3)

I" is a close surface surrounding the two currents. And it is believed that only mutual energy flow can transfer energy, while self

energy flow

¢f. (E; x H}) - fidl = 0

can not transmit energy.

1.5 Localized Energy Conservation Law
Because if both mutual energy flow and self energy transfer
energy, two different types of photons will appear, namely the

N N ..

=1 &j=1,j#i
This law of conservation of energy, combined with the theorem
of mutual energy flow, becomes a localized law of conservation
of energy. The necessary condition for this law of conservation
of energy to hold is that the self energy flow does not contribute
to the transfer of energy. So of course, we have to ask where
the self-energy flow has gone. Because according to Maxwell’s
electromagnetic theory, the self energy flow is not zero.
Therefore, the author proposes the concept of reverse collapse.
The self energy flow collapses in the opposite direction [17].
Reverse collapse is obtained from the Maxwell equation with
time reversal.

1.6 Reactive Power Wave

The reverse collapse of self energy flow is actually a problem.
To achieve reverse collapse, it is necessary to establish a time
reversal wave. With time reversal waves, in fact, time reversal
waves can also form the mutual energy flow of time reversal
waves. The mutual energy flow of this time reversal wave may
also offset the mutual energy flow, leaving only zero solutions.
Zero solution is certainly not what the author wants. Therefore,
the author also proposes the concept of reactive power. The
author found that if the self energy flow is reactive power, the
self energy flow itself does not transfer energy, so there is no
need for the reverse collapse of the self energy flow. But the
self energy flow calculated according to Maxwell’s field is not
reactive power. According to Maxwell’s electromagnetic theory,
the electric and magnetic fields of electromagnetic waves are in
phase. This indicates that electromagnetic waves are of active
power. That is to say, the self energy flow is the active power.

The author studied the working principle of transformers. It
was found that the self energy flow generated by the primary
and secondary coils of the transformer is reactive power.
Transformers operate under quasi-static magnetic conditions.
The author found that under quasi-static or magnetic quasi-
static conditions, the self energy flow composed of electric

(4)

photons obtained from the collapse of self energy flow and the
photons from mutual energy flow. If the self energy flow does
not contribute to the transfer of energy, then the following law of
energy conservation holds [17].

o)

t=—oo dth Ei ]]dV =0

(5)

and magnetic fields is reactive power. Since quasi-static and
magnetic quasi-static electromagnetic fields are reactive
power, why does radiated electromagnetic fields become active
power? The author is thinking that if the secondary coil of the
transformer is moved far away from the primary coil, the primary
coil of the transformer will become a transmitting antenna, and
the secondary coil will become a receiving antenna. The author
is asking himself, from two coils tightly together, which is a
transformer, to the secondary coil moving further away, there
is no qualitative change at this time. Why does the self energy
flow transition from reactive power to active power? Why is
the electromagnetic field of the primary and secondary coils of
a transformer reactive power, but the electromagnetic field of
the transmitting and receiving antennas active power. At what
distance did the primary and secondary coils of the transformer
transition to the antenna and receiving antenna? After a series
of studies The author found that the primary and secondary
coils of transformers, as well as the electromagnetic fields of
transmitting and receiving antennas, are actually reactive power
[18-31]. Maxwell’s electromagnetic theory was mistaken. What
exactly went wrong with Maxwell’s electromagnetic theory?
The author found that the error was due to Maxwell defining
a magnetic field as the curl of a vector potential [29]. The curl
of a vector potential is actually the average magnetic field
defined on the loop. The average magnetic field and the original
definition of magnetic field are the same under magnetic quasi-
static conditions or quasi-static conditions. Therefore, under
quasi-static conditions, the original definition of magnetic field
can be replaced by the average magnetic field on the loop. But
when it comes to radiated electromagnetic fields, or for retarded
electromagnetic fields, the average magnetic field on the loop
and the original definition of the magnetic field are different.
Maxwell’s electromagnetic theory did not pay attention to this
and still replaced the original definition of magnetic field with
the average magnetic field on the loop, which led to errors.
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1.7 Radiation Does Not Overflow From The Universe

The author established this belief around 2021 that
electromagnetic waves propagate in the electrostatic field of the
charge itself, so they cannot move independently of the charge.
Therefore, electromagnetic waves cannot overflow the universe.
The axiom that electromagnetic waves cannot overflow the
universe can be used as the author’s electromagnetic theory,
from which the localized law of energy conservation can be
derived (5). And thus establish the theorem that electromagnetic
waves are reactive power.

1.8 Research Object of This Article

At this point, the author has made it clear that Maxwell’s
electromagnetic theory does indeed have problems or loopholes
(bugs). The author begins to study how to prove to everyone that
Maxwell’s electromagnetic theory is indeed problematic. The
author began to pay attention to the definition of magnetic fields.
What is the original definition of magnetic field? The author of
this article starts with the discussion of the original definition
of magnetic field. Establish two definitions of magnetic fields,
one defined according to the original definitions of Ampere
force or Lorentz force. One is the definition of magnetic field
developed by Maxwell, which is to calculate the average
value of the magnetic field on a circular path. The author
needs to prove that these two definitions of magnetic fields are
completely identical under quasi-static electromagnetic field
conditions. But when it comes to radiated electromagnetic
fields, which are retarded electromagnetic fields, these two types

V-E,

of magnetic fields are defined differently. The author found that
Maxwell’s electromagnetic theory used the curl of the magnetic
vector potential to define a magnetic field under radiated
electromagnetic fields. This definition is actually to calculate the
average value of the magnetic field on the loop, not the original
definition of the magnetic field. This definition constitutes
an error in the calculation of Poynting vectors and related
quantities. This issue is also the reason why people believe that
electromagnetic waves are in phase. In fact, the phase between
the electric and magnetic fields of electromagnetic waves is 90
degrees. Therefore, electromagnetic waves are reactive power
waves.

In addition, the author was able to discover this issue because
their electromagnetic theory introduced the mutual energy flow
theorem (2, 3), the law of conservation of energy (5), as well as
the concept of advanced waves and the concept of radiation not
overflowing the universe. And when we do prove the loopholes
in Maxwell’s electromagnetic theory, it appears that the author’s
theory, including the theorem of mutual energy flow, the law
of conservation of energy, and the concept of radiation not
overflowing the universe, is correct.

2. Differences Between The Author’s Theory and Classical
Electromagnetic Theory

2.1 Coulomb’s Law or Gauss’s Law Still Holds

Gauss’s law can be derived from Coulomb’s law,

=p/€o (6)

p is the charge density. ¢, is the vacuum dielectric constant. E  is an electrostatic field, and the subscript s is used to indicate that this

electric field is a static electric field.

The symbol £ means defined. ¢ is the electrostatic potential.
In the author’s electromagnetic theory, it is still believed that
Gaussian law (6) holds.

&1 =

E, , is the induced electromotive force generated on coil 2 by the

current / on coil 1. £ is The electric field of the current /, of coil
1.C,, C are two 001ls the primary coil and the secondary coil.
gf;c is closed line intgral on C,.

A, =

Consider,
e

there is,

6 [,l() Ildll dlz
T otanm 45C §C r

(92,1 é §CZ E1 * dl

~ldl - |,

(7)

2.2 Neumman’s Law of Electromagnetic Induction
The author also believes that Neumman’s law of electromagnetic
induction is valid, that is,

(8)

(9)

2.3 Vector Potential
In the author’s electromagnetic theory, vector potential still
holds,

HO dl
C1 Tr 1

(10)

(11)
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—to 1
A =2 hay (12)
The subscript in the above equation can be omitted,
' _ko ]
A=2[ Lay (13)
The above equation is the vector potential. The curl of a vector potential is,

—Ho oyl
VXA=2[, V-x]dV

_ Ko T
= J, I x5dV (14)
2.4 Faraday’s Law
Obtained from (8, 10),
0
82‘1 = _E¢C2 Adlz (15)
Consider (9),
a
§, Ei-dl=——¢ Al (16)
Or
3}
§, Ei-dl=—§ —Adl (17)
Or
a
Or
@, VX (Ey+=A;)Adl =0 (19)
Or
VX (Ey+2>A;) =0 (20)
Or
E1 + %Al = —V¢1 (21)
Or
a
Ei=-V$—5 4 (22)
Subscripts can be omitted,
E=-Vp—2A (23)

The above equation is Faraday’s law. The above equation is and Lorenz, did not define electric and magnetic fields, so they
also one of the Maxwell equations defined by Maxwell himself. would give the following Ohm’s law,
Scientists of the same period as Maxwell, such as Kirchhoff

J =0(-V — - A) (24)

Similarly, they do not define VXA as a magnetic field. The author  acceptable, so when encountering Ohm’s law, it can be written
believes that Maxwell’s definition of g 2 _yg — 24 is as,
at
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J =0E (25)
2.5 Biot-Savart Law

Bzi‘—;fvjxr%dv (26)

Consider(14, 26),
VXA=B (27)

Note that the above formula is only obtained under quasi-static =~ For now, we still assume that the above equation (27) holds, so
conditions. We will prove in the following chapters that this we have,
formula (27) is not suitable for radiating electromagnetic fields.

VXE=—%V><A (28)

Consider the formula (27) to obtain our Faraday’s law today,

0
VXE=-—B (29)

This form of Faraday’s law was not proposed by Maxwell himself, and Maxwell himself adopted it (23). Due to issues with the
formula (27), this Faraday’s law (29) also has its limitations.

2.6 Divergence of Vector Potential

—y. .kl
V-A=V-2p fay

=t 1
—4anVr Jav

S T 14 (30)
V-GHN=VEJ+OV] (31)
[, V'-Ghav = . CJ) - fdl =0 (32)

gfﬁl, is closed surface integral on I'. Here assume that J is inside of T

11 1\ o _
[, V') Jav + f, OV -Jdv =0 (33)
11 _ 1o
L, VO JaV =+, QV'-Jdv (34)
=t Ly,
V-A=2[ OV Jav (35)
Using the continuity equation of current,
ry=-2
V=-7 (36)
= B O
V-A=-2f (5 pdV (37)
— Ok 1
V-A=—-—2 [, DpdV (38)

Defining scalar potentials
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A

Obtaining Lorenz gauge condition,

1

~ 4meg fV (%)pdV (39)
V-A= _Moe()%(ﬁ (40)

It is worth mentioning that the derivation method for the
divergence of vector potentials mentioned above was completed

V-Ay = #0605‘1)

by Kirchhoff in 1857 [32]. However, what Kirchhoff obtained
was another gauge, the Kirchhoff gauge condition,

2 (41)

Among them, 4, is the Weber vector potential. The definition of Weber vector potential is different from that of Neumman’s vector

potential A4,

1‘1‘/]/:ﬂ

The mathematical derivations of (41) completed by Kirchhoff
in 1857 were still very advanced in terms of theoretical
derivation. This is one of Kirchhoff’s significant contributions
to electromagnetic theory. The Lorenz guage condition was
completed by Lorenz in 1867. The Lorenz gauge condition is
based on the Kirchhoff gauge condition. Therefore, in fact, the

(]~r)-r dV

4’V 3

(42)

Lorenz gauge condition should be referred to as the Kirchhoft-
Lorenz gauge condition. In the same paper, Lorenz also proposed
the concept of retarded potential.

2.7 Ampere’s Circuital Law
Consider mathematical formulas

VX(VXA)=V(V-A)—V2A (43)
Or,
VX (VXA)—-V(V-A) = —V24A (44)
Consider the Lorenz gauge (41) to obtain
VX (VX A) + foeoV = = —V?A
=yt )
==V pym fV rdV
= _Ho y2l
=~ fV \4 r]dV
1
= to J,, (V> )] dv
= ko f, 8Gx = ) (x)aV
= poJ (x) (45)
Or
4 ’
VX (VXA)+ oo VP = poJ (x') (46)
Or
’ d
VX (VXA) = poJ (x) + o 5 €0 (47)
We obtain Ampere’s circuital law,
’ 0
VXB = o (x') + 1o 5 €oEs (48)

Or,
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7]
VX H = J(x') + €k (49)
Everyone has found that the above circuital law also uses the problematic. However, the formula (47) did not use the formula
formula (27). The author mentioned earlier that this formula is  (27). Therefore, the formula (47) remains valid.
problematic, so the circuital law mentioned above (49) is also
2.8 Quasi Static Equations
V-E;=p/e, (50)
The above equation is Gaussian law of electricity.
7]
E=-Vp—-24 (51)
at
The above equation or (23) is Faraday’s law. The Faraday’s law  Kirchhoff and Lorenz, did not introduce electric and magnetic

in Maxwell’s own Maxwell equation is the above equation. It fields [32, 33], so for them, the above equation is often written as
is worth mentioning that scholars of Maxwell’s time, such as

a
J=0(-Vp -2 4) (52)
o is the electrical conductivity. Writing of Ampere’s circuital Law (47),
a
VX (VXA)=pJ(x')+ Ho€o 5, Es (53)

where in
E;=-V¢p (54)
For Kirchhoff, Lorenz, the V x A in the equation (53) will not vector potentials and scalars potential.

be written as B. Because they do not introduce the concepts of
electric and magnetic fields at all [32, 33]. Only dealing with  Continuous equation of current

v.jz_% (55)

This current continuity equation is also Kirchhoff’s contribution  (50-55). The problematic formulas are all related to the curl
in 1857 [32]. In this way, we obtain the quasi-static equation formula of the vector potential, that is,

VXA=B (56)

Due to the issue with this formula, it also affects the following two formulas,

VX H =J(x)+ =€k, (57)

a
VXE=-— P B (58)
In the next chapter, we will discuss in detail the problem with the formula (56).

2.9 Solutions to Quasi-Static Equations
The solution to the quasi-static equation is,

_ ko ]
A=L fay (59)
1
¢ = pro I, gdv (60)
E=-Vo—-224 61
=-Vp—= (61)
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The author believes that

It is indeed an electric field, which can be called an induced electric field, but it is worth mentioning the electrostatic field,

It may also be problematic in situations of radiated
electromagnetic fields. However, this article does not discuss
this issue. This issue needs to be addressed in future papers. The
author suddenly realized that Kirchhoff and Lorenz were very
clever in not defining electric and magnetic fields. In the next
chapter, we will discuss the problem with the formula (56).

s _ 0
E 2——A (62)
E, 2 -V (63)

3. Define and Measure Magnetic Fields According to Ampere
Force and Lorentz Force

We discussed the measurement of magnetic fields in the paper
[29]. This chapter continues to discuss this topic. See figure 1.

HI

dR

Figure 1: Assuming That the Magnetic Field is H = H| y, The Current Element is I, dl = I, d/Z. The Force Acting on This Current

Element is The Ampere Force F, ,.

3.1 Ampere Force

B, is the magnetic field of the current element /, dl,. This magnetic field is present in the current element /, dl, The force is,

dF,  is the ampere force. This force is a force from 1 to 2. From linear current to body current,

Hence, there is,

Hence, there is,

dF2,1 == Izdlz X Bl (64)

Izdlz _>]de = szde (65)

dF2,1 = szde X Bl (66)
dF

d‘z,'l = pavy X By (67)

fa1 2

[, is the Lorentz force, which is the force on p, v, in the magnetic
field B,. Because it is a force per unit volume, this force is a type
of stress.

We take

3.2 Definition of Magnetic Field Based on The Average
Ampere Force on the Loop

To measure the magnetic field, we assume that for the magnetic
field B, the direction is known. If we don’t know the direction
of the magnetic field, we will measure a component of magnetic
field in a certain direction,

B, =By (68)

(69)
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Consider (64), there is,
Izdlz X dFZ,l = Izdlz X (Izdlz X Bl)

= Izdlz(Bl . Izdlz) - Bl(lzdlz . Izdlz)

= =B, (Idl; - I,dl) (70)
The above equation considers the formula (69) and the following vector mathematical formulas,
ax(bxc)=b(c-a)—c(a-b) (71)
The formula (70) can be rewritten as,
B, (L,dl, - L,dl,) = —L,dl, x dF,, (72)

1

B, = de‘ll x Ldl,

1

= h@pary) a1 > db
=——dF,; xdl
I
dF,, _ dly
= . 73
Lldlz|  |dly| (73)
Therefore, the magnitude of the magnetic field,
By =—+— 74
ALY (74)
The above formula is very important, and it is necessary for us to conduct dimensional analysis to verify its correctness,
[B;] = MT 2471 (75)
dF. MLT? -
—2l] = —— = MT?A! (76)
L|dly| AL
Hence, there is,
Bi] = - 77
[B:] = o] (77)
Therefore, the dimension of the formula (73) is correct. Obtained from formula (74) the following,
_ dFy 4
sz Bydl = fCZ L|dl,| (78]
C, is a circular loop. consider,
fCZ Bldl = sz Bldl (79)
E] is the average magnetic field on the loop.
By J, dl =], Bl (80)
Or
BlLZ = fcz Bldl (81)
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among them,

L, =2 c, dl (82)
= 1
Lz C2
Or,
B o1 4Fa
17, sz Iy|dLy| (84)
define,
o AP 85
far = 0 (85)
F, | is the ampere force on the current 7, and length dl,, the average force is,
=y 1
By = [, fadl (86)

Figure 2: We Know That the Magnetic Field is H, The Current Element is /, dI, The Force Acting on This Current Element is The

Ampere Force dF, ,.

From the figure 2, it can be seen that the magnetic field above
is actually the average value defined on the loop. Therefore,

If this £, | is constant, there is,

The schematic diagram of the average force is shown in Figure 2.

the following equation should be used to represent it more
reasonably.

= 1 1
B, = Zsz f2adl = L 1 fizaAl (87)
= 1
B, £ fZ,lchz dl = fr1
‘We know that,
By = f21 (88)

If the magnetic field is constant, that is, the direction of the
magnetic field is independent of the current element used to
measure the magnetic field, we can define and measure it using

a small current element (88), or we can define the magnetic field
using the average method according to the formula (87). The two
are the same. That is,

(89)
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3.3 Hall Effect Measurement of Magnetic Field
The Hall element can use the Hall effect to measure the magnitude of the magnetic field. The schematic diagram of the Hall effect
element is shown in Figure 3.

Figure 3: This picture shows the Hall effect component. The Hall effect has a current direction, if indicated by a red arrow. And the
direction of the Lorentz force.

The Hall element can be represented by the following symbols: indicates the direction of ampere force, and a cross indicates the
a red arrow indicates the direction of current, a blue arrow direction of magnetic field.

z

Figure 4: This diagram is a simplified representation of the Hall effect element. The Hall effect has a current direction, if indicated
by a red arrow. Use blue for the direction of force. The direction of the magnetic field is represented by a cross.

We can certainly measure the magnetic field using the Hall effect, assuming that the measured magnetic field is

Hy; (90)

Figure 5: We Can Certainly Arrange The Hall Effect Components on A Loop, So That We Can Measure The Average Magnetic
Field on This Loop
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We can also calculate the average magnetic field on the loop. See figure 4,5.

= Z 1 Hy (91)

Under quasi-static conditions, the average magnetic field and magnetic field on the loop are the same, i.e

It is worth mentioning that we have not yet proven that under
quasi-static conditions, this average magnetic field is the same
as the originally defined magnetic field. This proof will be
presented in later chapters.

4.1 Neumann’s Law of Electromagnetic Induction

0
82,1

H=H, (92)

4. Measurement of Magnetic Field Using Induced Electro-
motive Force

We also have a method for measuring magnetic fields
for alternating currents, which is the method of induced
electromotive force. Placing a coil in an alternating magnetic
field can measure the magnitude of the magnetic field.

a I1dly-dl
#0¢C2 ¢C f1ali-aly (93)

at 4 r

The superscript O indicates that coil 2 is a circular circuit. Define vector potential,

a Mo I1dly 11
A2 —¢. o 2, 2dV (94)
Hence, there is,
o]
g1=—75% A1 -dlb (95)
The definition of induced electromotive force is,
£9, & gSCZ E,-dl (96)
Hence, there is,
[o]
¢C2 E1 . dl = _aﬁcz A1 . dlz (97)
Or
$, Ey-dl=—§ atAl dl, (98)
Or,
a
Or,
[, VX (Ey+5-Ay) - AdT = 0 (100)
Or,
VX (Ey+5A;) =0 (101)
Omit subscripts,
VX (E+5A)=0 (102)
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E+-A=-Y¢ (103)
Or
E=——A-Y¢ (104)
Or
VXE=—2VxA (105)
Notice that,
A-dl
VXAZA lim Jc
AS—0 AS
The curl of a vector potential VXA is defined on a loop, which we will first denote as
G=VXxA (106)

Taking the curl of a vector potential is equal to taking a line loop, so we do not use the magnetic field B to represent it, but
integral over a loop. Therefore, the average value is taken on the use B = G to represent it.

__9
VXE=-—G (107)
__9 P
9562 E-dl=-—[ G- fdl (108)
¢, E-dl=—joll, G-Adr (109)
sap— 1 .
/I, G-AdI = — 3662 E-dl (110)
A~ 1 1
G -7 o, E - dl (111)
where in
AS =JJ, dr (112)
AllsrjloG = —Jw AS—>0 AS 990 (113)
Or
B A= —J_(L’Als—>0 = 9€C2 E-dl (114)

We use the B instead of B in the above equation because there is  Such a measurement actually takes the average value on the
a circular coil C, on the integral of the right side of the equation.  loop. Therefore, the average magnetic field is obtained.

B-i=—VXE-f (115)

“jw
B=—VXE (116)

jw

Consider #i = ¥, formula (114)
— A 1 . gncE-dl

=B -9 =— 117
B=B-y —jw Algllo |AS| ( )
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Note that we actually calculated the average magnetic field for a loop, which is

— E-dl
H=— im Jc - (118)
—jlow R—0 TR
Considering
1 _ VHo€g _ VHo€o _ VHo€g _ 1 _ A (119)
WHy W/ UoEoHo kuo kpo kno  2mng
There is,
= . A . E-dl
H=j lim e - (120)
21No R—»0 TR
Note that we actually calculated the average magnetic field for a loop, which is
— . $,Eval
L= g Ro0 mR? (121)

From the above equation, it can be seen that A , is the average value of the magnetic field measured in the loop C, . Alternatively,

H, = j—2 lim 21 (122)
1 21N R—0 TR2

However, under quasi-static magnetic conditions, the annular average magnetic field and magnetic field are equal.
H,=H, (123)
We will also provide a proof about this later. The above equation is not self explanatory.

4.2 Calculating The Average Magnetic Field Based on The Law of Electromagnetic Induction
On the above B, is actually the value determined by C.. It is the magnetic field obtained by averaging the values on the loop C,. If
we already know the induced electric field, we can calculate the average magnetic field from it, so it can be written as

B
VXE=-— T (124)
VXE=—jwB (125)
B=—VXE (126)
—jw
Therefore, we can define,
H=——VXE (127)
—jwio
Considering (119)
— 1
H=j—VXE
e (128)
In a special case,
E = Eyexp(—jkx)(—2) (129)

Hence, there is,
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- 1

H=j -VxE

kno
1 . . A
= J e (Zjkx X Eoexp(—jkx)(=2))

E, . ~
= . exp(=jkx)y (130)
0
4.3 Measuring Induced Electromotive Force Using a Straight But of course, we can also use a straight wire to measure the
Wire magnetic field. The author first discovered this issue in the paper
Under quasi-static magnetic conditions, we can use the average [29].
magnetic field method on the loop to obtain the magnetic field.

H

i1

Figure 6: We know that the magnetic field is H| The current element is /, dl, The force acting on this current element is the ampere
force F
2,1.

We use the induced electromotive force on the straight line L instead induced electromotive force on C,. Consider,
EQy &5y = fL E,-dl=E(-2) L(2) =-LE (131)
’ ’ 2

521 « 85,1 means we use 85,1 to replace 521. Let’s assume that,

L =2nR (132)
R is the the radius of the loop C,. The area enclosed by L is still calculated using the area of the disk, which is
area = LW = 2nRW (133)
W is the width see figure 6, hence,
nR? = 2nRW (134)
R
W = Y (135)

Consider,
g, = —jo [[. B - Adr

Consider (131), we obtain,
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Considering (135), we obtain that,

—E,2nR = —jwB, 2mRW

E, = joWB,
_ b
1= JoWw
—JE;
Bl - wW

H. = —jE1 __ —jE1y/lo€o
L7 oW T powfnoeoW

_ —JE; €0 _ —JE1 _ —jAE:

W\ Ho€oW [ o  KWno  21Wmno

Hy=—j %5

(136)

(137)

(138)

(139)

(140)

(141)

(142)

The above equation is the magnetic field measured according to the linear current element. Omit subscripts,

if we take R so

In a special case,

. A E
H__]E%
Ay

TR
E
H=—j=
1770

E = Eyexp(—jkx)(=2)

E = Eyexp(—jkx)

H — _J Eoexp(—jkx)
Mo
H = _j Eoexp(—jkx)y

No

(143)

(144)

(145)

(146)

(147)

(148)

(149)
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We see that the formulas (149) and (130) are very different.
They take different values under radiated electromagnetic fields
or electromagnetic wave conditions. But we will now prove that
they are equal under quasi-static conditions.

5. The Magnetic Field of Electromagnetic Waves

For the magnetic field measurement of electromagnetic waves,
we will find that the results obtained by the average magnetic field
H and the magnetic field H measurement methods are different.
We have three methods for measuring magnetic fields: (1)
Ampere force method, and (2) Hall effect method for measuring
Lorentz force. (3) The method of electromagnetic induction. For

these three methods, we have two definitions of magnetic fields.
The first is to measure the magnetic field using a linear current
element, which measures the magnetic field H according to the
original definition method of the magnetic field. (2) Measure the
average value of the magnetic field on the loop H. In this section,
we assume that there is a plane electromagnetic wave, and we
calculate the average magnetic field of the loop and define it
according to the original magnetic field. We will find that these
two magnetic fields are different!

5.1 Average Magnetic Field on The Loop
Assuming there is a planar electromagnetic field,

E, = Eiexp(—jkx)(=2) (150)
From this, the average magnetic field (128) can be obtained,
— 1
H =j k_ﬂov X Eq
, 1 . N
= j 7=V X (Exexp(—jkx) (=2))
0
, 1 A . N
= J e (ZJkX) X (Eyexp(—jkx)(=2))
, 1 . . ~
= J e (FJK) (Evrexp(—jkx)y
E; . ~
=, exp(—jkx)y (151)
0
Hy = 2 exp(—jkx)9 (152)
0
El ~ E1 (153)

The above equation indicates that the average magnetic fieldand 5.2 Measurement of Magnetic Field Using Straight Wires
electric field obtained in the loop are in phase. From Eq.(143) we know the magnetic field measured on a
straight wire is,

Hy=—j o

2R 7o (154)

The above two equations are the magnitude of the alternating
magnetic field measured using a long linear current under quasi-

static magnetic conditions. Therefore, we have two ways to
measure the magnetic field, hypothesis

E, = Erexp(—jkx)(=2) (155)
AE A1 .
Hy = —j o= = oo (Erexp(—jkx)) (156)
H1 — _ .iElexp(—jkx) (157)
TR Mo
take
A
= =1 (158)
Hy = —j -~ Eyexp(—jkx) (159)
0
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.1 . ~
H, =—j n—OEleXP(—ka)y

(160)

Comparing the formulas (160) and (152), we found that under the condition of radiated electromagnetic waves

This indicates that the average magnetic field measured by the
loop under radiation electromagnetic field conditions is different
from the magnetic field measured by the straight wire. Under
quasi-static conditions, these two measurement methods are the
same. However, under radiation electromagnetic field conditions,
the two methods obtain different values. At this point, we have
to ask which method truly represents the correct magnetic field?

5.3 Verification Using Hall Effect Method

Above, we use the method of calculating plane electromagnetic
waves to illustrate two types of magnetic field definitions. One
is defined on a loop wire, and the other is defined on a straight
wire. The magnetic fields defined by these two methods are
different. This already illustrates the problem. But if readers still
don’t understand, Hall effect method can be used to verify. We
can use a long straight wire (or a straight transmitting antenna)
to generate a magnetic field, with high-frequency AC current

H, #H, (161)
flowing through the wire. Measure the average magnetic field H
of the loop. Measure the magnetic field H with a separate Hall
element to see if these two magnetic fields are the same. See
Figure 7.

For example, the frequency of an AC signal can reach 1-10MHz.
At this frequency, the Hall element can still function properly.
Of course, it may be necessary to use a amplifier. The blue and
red components in the picture are Hall components. The blue
one is used to measure the average magnetic field on the loop.
The red color is used to measure the original magnetic field
of on the straight wire. Both sides of the Hall element may
require the addition of magnetic bars to increase sensitivity. If
the current of the straight wire (or a linear transmitting antenna)
is not large enough, multiple strands of wire can also be used
instead. Display the phase difference between two signals using
an oscilloscope.

Figure 7: Long Straight Wires Carry High-Frequency Alternating Current. Measure the Average Magnetic Field H on The Loop and
the Original Magnetic Field H on The Straight Wire Using Hall Effect Devices

6. Author’s Electromagnetic Theory
The author mentioned earlier that the fatal flaw in Maxwell’s
electromagnetic theory lies in the confusion between the average

H=

and the formula,

electromagnetic field measured on the loop and the original
definition of magnetic field. Namely,

VXA

H=H

It only holds under quasi-static conditions and does not hold
under radiation electromagnetic field conditions. Knowing the
errors and loopholes in Maxwell’s electromagnetic theory, the
author should also establish their own new electromagnetic
theory.

6.1 Axiom of Radiation Not Overflowing The Universe

The author believes that the ether theory of electromagnetic
waves is incorrect. Electromagnetic waves do not propagate in
ether. The ether here belongs to space. Therefore, the movement
of electromagnetic waves on the ether means that the source of
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the electromagnetic wave hands over the radiation energy to
the ether, and then the electromagnetic wave propagates in the
ether without the radiation source. The author believes that this
is incorrect.

The author believes that electromagnetic waves propagate
within the electrostatic field of electrons themselves. That is
to say, every charge, whether positive or negative, has its own
electrostatic field. This field belongs to the charge itself. This
field can transmit electromagnetic waves, therefore it is the ether
of electrons themselves. Electromagnetic waves propagate in
this field. Because this field belongs to the charge itself. The
energy of electromagnetic waves cannot be separated from this
charge. The author uses a whip to describe this field, where
the charge is like carrying a whip. With a flick of the whip,
energy is transmitted along the handle of the whip to the tip of
the whip. But the energy on this whip cannot escape from it.

Joo_ dtdh (ExH)-Adl =0

Electromagnetic waves cannot escape from charges!

So some people may ask, how does energy transfer between
charges occur? The whips of two charges must both be struck and
hit exactly together. In this way, these two charges can exchange
energy. The whip here is the electrostatic field of charge. The
electromagnetic waves emitted by these two charges must also
be a retarded wave and an advanced wave. The retarded wave
must be synchronized with the advanced wave. If the whip goes
empty, it is equivalent to a charge radiating a retarded wave,
but this retarded wave has not found the advanced wave to
synchronize with it. The energy of this retarded wave still needs
to return to the radiation source of the electromagnetic wave. Just
like a whip emptying, the energy flow on the whip must return
from the tip of the whip to the handle. In short, electromagnetic
waves cannot escape the charge at this time. So electromagnetic
waves cannot overflow into the universe. Expressed as,

(162)

I" is a sphere with an infinite radius. Converted from time domain to frequency domain,

Reh. (ExH")-Adl =0

« R~ means take the real part. The above equation shows the
axioms of the author’s electromagnetic theory. This axiom means
that the electromagnetic field cannot overflow the universe.

(163)

Note that Maxwell’s electromagnetic theory does not satisfy this
axiom. For any antenna in Maxwell’s electromagnetic theory,
there are,

Rdp. (Ex H*)-Adl # 0 (164)
6.2 Magnetic Quasi-Static Equation
Under quasi-static magnetic conditions, the Faraday’s law and Ampere’s loop law in Maxwell’s equation still hold,
a
VXE=-— EB (165)
VXH=] (166)
This leads to Poynting’s theorem,
V- (EXH)=VXE-H—E -VXH (167)
Considering (165, 166),
0
V-(EXH)=—EB-H—E-] (168)
Perform volume integration on the upper equation and apply Gaussian law to the left side of the formula to obtain,
~ a
95,61, (EXH)-ndF=—fV (EB-H+E-])dV (169)
Perform time integration on the above equation,
o] A
ft=_m dt ¢, (E x H) - fidTl
o 0
=—J__,dt fV (5;B-H+E-]av (170)

Consider,
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[ i) e 0
ft:—oo dt fV (EB -H)dV = ft:—oo aUdt
=U(0) —=U(=x) =0 (171)
where in,
d 7]
EU = EB -H (172)
U= %B -H (173)

U(x) is the system energy at the end of the process. U(-) is the system energy at the beginning of the process, and both energies

are zero. Consider the formula (170), which is called,

Jo_ dtdh. (Ex H)

The above equation is the relaxed Poynting’s theorem, which
was obtained under magnetic quasi-static conditions. However,
we assume that the above equation still holds under radiation
electromagnetic field conditions. It should notice that, in the
radiation electromagnetic field, the author does not assume that

fdl = —[__dt [ (E-]dv

(174)

the Poynting theorem (169), however he still agree the relaxed
Poynting theorem (174). Considering that radiation does not
overflow into the universe by substituting the above equation
(162) into (174) yields,

Jo_ . dt J, (E-Dav =0 (175)
Consider the principle of superposition
J=%L T (176)
The resulting electromagnetic field
E = Z?’=1 E, H= Z?’=1 H; (177)
Substituting (175) yields,
L2 J o dt ), (Bi-J)dv =0 (178)
Consider again (175) for J = J, Time also holds, that is,
f::_m dt [, (E;-]J)dv =0 (179)
Substituting (179) into (178) yields,
My X e foo o, dt [, (Ei-J)dV =0 (180)

The above equation is the law of conservation of energy. This
law of conservation of energy cannot be obtained under the
conditions of Maxwell’s equation, it can only be an energy
theorem according to Maxwell’s equation. This is because
under the conditions of the Maxwell equation, there is no
condition for radiation not to overflow the universe (163). This
law of conservation of energy tells us that the energy value of

electromagnetic waves is exchanged between charges, and
there is no permanent transfer of electromagnetic energy to the
medium or ether that propagates electromagnetic waves.

6.3 Mutual Energy Flow Theorem
The relaxed Poynting’s theorem (174) can prove the mutual
energy flow theorem [17], and we will not prove it again here,
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[ee]
-

o

t=—o00

where,

(fuf}) — f;:_oo dt#f‘ (El X H] +E] XHl') -Adrl’

(oo}

= Jie_o dt fvi (Ej -J)dAV s the energy of the current element
J. provided to the system. This energy comes from the current
Ji o, dt fV]_ (E:-J)AV is the energy obtained from the system
to supplied the load of the secondary coil current J. The mutual
energy flow (fi,g’j) is energy flow from J, to J. With this mutual
energy flow theorem, the law of conservation of energy (180)
becomes a localized law of conservation of energy. Localization
here refers to the transfer of energy through mutual energy flow
(182).

The definition of magnetic field is defined by the ampere force
formula and the Lorentz force formula. In these preliminary

dt fvi (Ej-J)dv
= (u$))

dt ij (E;-]pav (181)

(182)

definitions, magnetic field is defined by the current element /dl
or pv. In this case, both the current element and velocity can
be regarded as a line segment. However, under quasi-static
magnetic conditions, the magnetic field can also be defined on
a loop. This magnetic field can be considered as the average
value of the measured magnetic field on the loop. The average
value under quasi-static or quasi-static magnetic conditions is
exactly the same as the magnetic field measured by a straight
wire. Maxwell’s electromagnetic field theory was first defined
under magnetic quasi-static and quasi-static conditions. Below
is the quasi-static Maxwell equation,

V-E;=p/e, (183)
E, 2 -V¢ (184)
2
VX (VX A) = o] + €otho5; Es (185)

In the author’s quasi-static equation, the author does not denote
VXA as a magnetic field, but instead uses two cross products,

And the Lorenz gauge condition,

Faraday’s law is,

E

which is similar to what Lorenz did [33]. The continuity equation
for current,

d
Vj=-2 (186)
d
V-A=—pg€o5 ¢ (187)
s 9 4_
=-24-v¢ (188)

The above Faraday’s law formula is the Faraday’s law in Maxwell’s own Maxwell’s equation. In the author’s electromagnetic theory

there is no,

0
VXE——EB

(189)

This formula is the work of Oliver Heaviside, a descendant of Maxwell. As it involves B =V X A, as we have already discussed

earlier, the accurate definition should be,

Therefore, the formula (189) should be rewritten as,

a_
VXE——EB

B=VxA (190)

(191)
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The above (183-188) is a quasi-static equation. In these field E and the electrostatic field E_ . Based on the definitions of
equations, there are no defined magnetic field, only the electric ~ Gaussian law (183) and electrostatic field (188),

V- (=Vop) =p/ey (192)
V2 = —p/ey (193)
Above, we obtained the Poisson equation for scalar potentials. Consider mathematical formulas,
VX (VXA =V(V-4)— VA (194)
Formula (185)
V(V - A) = V2A = of + eotio 3, Ey (195)
V(Y- A) ~ po€o 5, Es — ol = V24 (196)

Considering the Lorenz gauge (187), the above equation can be rewritten as:,

7] 7]
V(=to€o5; P) — Ho€op; (=VP) — po] = V2A (197)
Or
VA = —po] (198)
From this solution, it can be concluded that,
—kor )
A= fV —av (199)
The solution of formula (193) is
__1 P
b= e J, zav (200)

The formula (199, 200) is the solution to a quasi-static equation.

6.4 Prove That The Average Magnetic Field And Magnetic Field Are Equal Under Quasi-Static Conditions

T
VXA=2[ V-x]dV

u T
=), (=3) xJdv (201)
Hence, we get
_ Ko r
VXA—EfV]XT?dV (202)
Biot’s law
B=Z—;fvj><:—3dv (203)
Comparing (203) and (202) yields,
VxA=B (204)
Hence
0 a
VX(_EA) = —&B (205)
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a
VXE =— EB (206)
Or
L UxE=H (207)
—jwuo
Previously, we have obtained (127)
H2—VXE (208)
—JWho
Hence,
H=H (209)

In this way, we prove that the average magnetic field and
magnetic field are equal under quasi-static conditions. In fact,
the formula (204) implies that the average magnetic field is

6.5 The Dilemma of Maxwell’s Equation
For Maxwell’s radiated electromagnetic field, the displacement
current is added. Let’s see how we can transition from a quasi-

equal to the magnetic field. Vx4 is the average magnetic field
defined on a loop, i.e.,

VxA=B (210)

static equation (183-188) to the Maxwell equation. We must
make the following transformation,

E.>E (211)
or,
~V¢ > —Vp — = A (212)
And,
VxA- B (213)
The above equation is,
B - B (214)
The formula (183) becomes,
V-E=p/eg (215)
The formula (185) becomes,
VX B = poJ + €otto - E (216)
The formula (213) is equivalent to the following equation,
V-B=0 (217)
Faraday’s law of electromagnetic induction (206) remains unchanged
VXE=—-=B (218)
Can replace,
Es-2A-V¢p (219)
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The displacement current method was proposed by Maxwell, so. Fortunately, the Maxwell displacement current method is
but it is difficult to find a reasonable explanation for this method. consistent with the Lorenz retarded potential method [33]. In
The difficulty lies in the fact that the transformation of formulas fact, the retarded potential is the solution to Maxwell’s equation.
(211-214) is unreasonable. Why can the static electric field E, It is reasonable to transition from a non retarded electromagnetic
be replaced with an electric field E? Why can we replace the field to a retarded electromagnetic field.

average magnetic field on the loop with a magnetic field? This

permutation (211, 214) actually needs to be performed in two 6.6 Retarded Potential Method

formulas (183, 185). There is no legitimate reason for doing The non retarded potential function is

A=ty lay (220)
b= by TV (221)
The retarded potential function is,
AN =ty %dv (222)
o™ = ﬁegfv [:;]dv (223)

Square brackets indicate lag, i.e,
[f(x,0)] = f(x,t —1/c) (224)

According to Lorenz’s viewpoint formulas (220, 221) and electromagnetic theory may still mean (222, 223). Compared
formulas (223, 223) were indistinguishable experimentally to Maxwell’s displacement current method, Lorenz’s theory of
in their time [33]. Therefore, even if formulas (220, 221) retarded potential is more convincing. According to Maxwell’s
were obtained from experiments of that era, more accurate electromagnetic theory, the electric and magnetic fields are,

E=-2A0—yp® (225)
B=VxA®M (226)
It is worth noting that the above equation cannot be directly obtained because it is deformed
—jwB =V X (—jwA™) (227)
Or,
H= _jimo VxE (228)

The right side of this formula encounters the curl of the electric It is calculating the average magnetic field. Consider definition
field, but in fact, the calculation of curl is done on the small loop.  (127), actually we have,

H:— VXE (229)
—jwpg

Therefore, the above formula (228) actually means that we assume that,

H=H (230)

And this formula needs to be proven. Is there a problem with electromagnetic waves (161). The Maxwell electric field theory
this formula under radiated electromagnetic fields. We have directly assumes that the above equation holds. This is the source
already proven that this formula is not valid in the case of simple  of the error.

OA J Applied Sci Technol , 2024 Volume 2 | Issue 1 | 25



6.7 Retarded Potential Method
A0 = o Wgy — Bo L oyn(—jkr)av 231
Calculate the curl of the retarded potential
r) _ Ko exp(—jkr)
VxA® _4an V———xJdV
—jkt .
=2 [, (=5 +=D)exp(—jkr) x JdV
ikt .
=22 [ J X (G +E)exp(—jkr)dv
=t Yexp(—jkr)dV
T 4m fvl X (rs)exp( ] T')

. kt .
+j 22 [, J X exp(—jkr)av (232)

If the above equation (232) is a magnetic field B, we obtain,
B=B (233)
At this point, we can define
B2VxAM (234)
Unfortunately (232) is not yet a magnetic field B. We are considering the problem near the origin, where there is lim, |

. u r i k#
limV x A™ =[x &)dv +j 2, ] xdv

kr—0
— i Bo k?
—BS+]4an]X r)dV (235)
The first term in the above equation is the static magnetic field,
a Mo I
B, = > fV ] x (v (236)
The second item is for radiation. It should be determined by the experiment. If it is found that the measured magnetic field is
. Uo k7
BS+]4an]>< —dV (237)
We can define,
VxA®M 2 B (238)

If the experiment finds that the measured magnetic field is,
Mo k#
BS+EIV]><TdV (239)
Otherwise,
VxA™ =B (240)

Experiments can solve problems. But we have already proven in  is correct under plane wave conditions. For this reason, we can
a simpler case, as shown in (161), that the above equation (240)  generally have,
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The right side of the above equation is to calculate the curl of the

retarded potential, which is actually equal to the magnetic field
measured on a loop. Therefore, it is the average magnetic field
on the loop. It is not the magnetic field B.

6.8 The Principle of Half Retardation And Half Advancement
The principle of half retardation and half advancement was
first proposed by Dirac which was later inherited by Wheeler

B=B

SN VxAM

* B (241)

and Feynman [8, 9], and then interpreted and inherited by
Cramer quantum mechanics transactional interpretation [13-
15]. However, they did not actually apply this principle to the
calculation of electromagnetic fields [8,9]. The author uses this
condition to require that the advanced and retarded parts of the
electric field and the magnetic field emitted cannot be offset. If
at lim,  situation,

B™ = [imV x A™
kr—-0

B@® = Jim v x A@

r—0

then
. k7
BM =B, +j22 J X Tr)dV (242)
. k7
B@ =B, —j22 [ ] x—)dV (243)
B +>B@ = B, (244)

We found that the far-field part in the formulas (242, 243) has
been canceled out. Such retarded and advanced far-field cannot

be transmitted. We must correct the formula (242, 243). We

found that if we have at the situation lim,_,

™ = Ho k7
B Bs+ fV] x —dV (245)
So the corresponding advanced wave is
B@ =B, +2[ jxTyay (246)
In this way, half retardation and half advancement do not cancel out.
1pn 4+ lp@ = Ho k7
~B" +-B BS+4an]><rdV (247)
This is correct. Therefore, we can define,
(M o Ko I —i
B £ L [ x (Dexp(~jkr)av
Ho k7 o
+EIV J x —exp(—jkr)dv (248)
(@) a Ko I i
B@ &2 J, J % (5)exp(+jkr)dV
Ho k7 .
+2 ), J X —exp(+jkr)dV) (249)
Or
BM =B. +(—)B.’ (250)
B@ =B + (HB," (251)

OA J Applied Sci Technol , 2024

Volume 2 | Issue 1 | 27



and

B =

The superscript () in the above formula represents retardation,
while (a) represents advancement. The subscript » means
near field and f means far field. B is the average magnetic
field calculated along the loop, which is also calculated from
the curl of the vector potential. The magnetic field calculated
according to Maxwell’s electromagnetic theory is B but is not B.
The formula (248) tells us that the magnetic field is calculated
based on the retarded field, but not the retarded potential. When

1 7]
VX (VXA)=po5J + €otho 5, Es

(182) is modified to,

[o9)

(€€ 2

The above two formular should have a additional factor %

7. Conclusion _

This article defines the average magnetic field H on a circular
circuit, and finds that this average magnetic field is consistent
with the result defined by the original magnetic field H under
quasi-static conditions. The original magnetic field definition
here refers to the magnetic field defined by measuring the ampere
force using a straight current element, or the magnetic field
obtained by measuring the Lorentz force using a Hall device.

However, for radiated electromagnetic fields, i.e. retarded or
advanced electromagnetic fields, the original definitions of the
average value of the magnetic field on the circular circuit H
and the magnetic field H are inconsistent. However, Maxwell’s
electromagnetic theory still confuses the difference between the
average value of the magnetic field on a circular circuit and the
original definition of the magnetic field in the case of radiated
electromagnetic fields. Due to this confusion, the magnetic field
calculated by Maxwell’s electromagnetic theory was incorrect
and therefore needs to be corrected. The author revised Maxwell’s
electromagnetic theory according to the new electromagnetic
field axiom proposed by the author. The author’s new axiom is
that (1) radiation does not overflow the universe. From this, the
law of conservation of energy (180) and the theorem of mutual
energy flow (181, 182) were obtained. The author corrected the
magnetic field calculated by Maxwell’s equation based on the
principle of half retardation and half advancement, and that the
retarded wave and advanced wave cannot cancel each other on
the surface of the current.

References

1. Zhao S. R. (1987) The application of mutual energy
theorem in expansion of radiation fields in spherical waves.
ACTA Electronica Sinica, P.R. of China, 15(3):88-93, 1987.
English Translation is in arXiv preprint arXiv:1606.02131
Zhao S. R. (1989) THE APPLICATION OF MUTUAL
ENERGY FORMULA IN EXPANSION OF RADIATION

f=—oo dt#[‘ (El XH] +E] X Hl) - fidlr

1

E(B(r) + B@) (252)
calculated based on the retarded potential, the magnetic field is
B, which is averaged along the loop. This B is not a magnetic
field B. The formula (252) is the revised and updated magnetic
field by author.

It is worth mentioning that the factor 1/2 appearing in formula
(252) affects other equations. For example, the formula (185)
needs to be modified to:,

(253)

(254)

FIELD IN PLANE WAVES[J]. Journal of Electronics &
Information Technology, 1989, 11(2): 204-208.

3. Zhao S. R. (1989) THE SIMPLIFICATION OF

FORMULAS OF ELECTROMAGNETIC FIELDS BY

USING MUTUAL ENERGY FORMULAJJ]. Journal of

Electronics & Information Technology, 1989, 11(1): 73-717.

de Hoop, A. T. (1987). Time-domain reciprocity theorems

for electromagnetic fields in dispersive media. Radio

science, 22(7), 1171-1178.

5. Welch, W. (1960). Reciprocity theorems for electromagnetic
fields whose time dependence is arbitrary. IRE Transactions
on Antennas and Propagation, 8(1), 68-73.

6. Rumsey, V. (1963). A short way of solving advanced
problems in electromagnetic fields and other linear systems.
IEEE Transactions on antennas and Propagation, 11(1),
73-86.

7. Petrusenko, I. V., & Sirenko, Y. (2009). The lost “second
Lorentz theorem” in the phasor domain. Telecommunications
and Radio Engineering, 68(7).

8. Wheeler, J. A., & Feynman, R. P. (1945). Interaction with
the absorber as the mechanism of radiation. Reviews of
modern physics, 17(2-3), 157.

9. Wheeler, J. A., & Feynman, R. P. (1949). Classical

electrodynamics in terms of direct interparticle action.

Reviews of modern physics, 21(3), 425.

Schwarzschild, K. Karl Schwarzschild.

Tetrode, H. (1922). Zeitschrift fuer Physik, 10:137.

Fokker, A.D. (1929). An invariant variational theorem for

the motion of multiple electric mass particles. Journal of

Physics , 58 (5-6), 386-393.

Dirac, P. A. M. (1938).Proc. Roy. Soc. London Ale, 148.

Cramer, J. G. (1986). The transactional interpretation of

quantum mechanics. Reviews of Modern Physics, 58(3),

647.

Cramer, J. G. (1988). An overview of the transactional

interpretation of quantum mechanics. International Journal

10.
11.
12.

13.
14.

15.

OA J Applied Sci Technol , 2024

Volume 2 | Issue 1 | 28


https://doi.org/10.48550/arXiv.1606.02131
https://doi.org/10.48550/arXiv.1606.02131
https://doi.org/10.48550/arXiv.1606.02131
https://doi.org/10.48550/arXiv.1606.02131
https://jeit.ac.cn/en/article/id/a04d4af3-2604-41b9-9510-d20dc2e96634
https://jeit.ac.cn/en/article/id/a04d4af3-2604-41b9-9510-d20dc2e96634
https://jeit.ac.cn/en/article/id/a04d4af3-2604-41b9-9510-d20dc2e96634
https://jeit.ac.cn/en/article/id/a04d4af3-2604-41b9-9510-d20dc2e96634
https://jeit.ac.cn/en/article/id/4c4ddbbb-518a-41c0-b017-0903e84aa675
https://jeit.ac.cn/en/article/id/4c4ddbbb-518a-41c0-b017-0903e84aa675
https://jeit.ac.cn/en/article/id/4c4ddbbb-518a-41c0-b017-0903e84aa675
https://jeit.ac.cn/en/article/id/4c4ddbbb-518a-41c0-b017-0903e84aa675
https://doi.org/10.1029/RS022i007p01171
https://doi.org/10.1029/RS022i007p01171
https://doi.org/10.1029/RS022i007p01171
https://doi.org/10.1109/TAP.1960.1144806
https://doi.org/10.1109/TAP.1960.1144806
https://doi.org/10.1109/TAP.1960.1144806
https://doi.org/10.1109/TAP.1963.1137982
https://doi.org/10.1109/TAP.1963.1137982
https://doi.org/10.1109/TAP.1963.1137982
https://doi.org/10.1109/TAP.1963.1137982
https://www.dl.begellhouse.com/journals/0632a9d54950b268,2356d04a10373820,5cdfc70b3b6e4085.html
https://www.dl.begellhouse.com/journals/0632a9d54950b268,2356d04a10373820,5cdfc70b3b6e4085.html
https://www.dl.begellhouse.com/journals/0632a9d54950b268,2356d04a10373820,5cdfc70b3b6e4085.html
https://doi.org/10.1103/RevModPhys.17.157
https://doi.org/10.1103/RevModPhys.17.157
https://doi.org/10.1103/RevModPhys.17.157
https://doi.org/10.1103/RevModPhys.21.425
https://doi.org/10.1103/RevModPhys.21.425
https://doi.org/10.1103/RevModPhys.21.425
https://infogalactic.com/info/Karl_Schwarzschild
https://doi.org/10.1007/BF01340389
https://doi.org/10.1007/BF01340389
https://doi.org/10.1007/BF01340389
https://doi.org/10.1103/RevModPhys.58.647
https://doi.org/10.1103/RevModPhys.58.647
https://doi.org/10.1103/RevModPhys.58.647
https://doi.org/10.1007/BF00670751
https://doi.org/10.1007/BF00670751

16.

17.

18.

19.

20.

21.

22.

23.

24.

of Theoretical Physics, 27, 227-236.

Stephenson, L. M. (2000). The relevance of advanced
potential solutions of maxwell's equations for special and
general relativity. Physics Essays, 13(1), 138.

Zhao, S. R., Yang, K., Yang, K., Yang, X., & Yang, X.
(2017). A new interpretation of quantum physics: Mutual
energy flow interpretation. American Journal of Modern
Physics and Application, 4(3), 12-23.

Zhao, S. R. A solution for wave-particle duality using the
mutual energy principle corresponding to Schrddinger
equation. DOI-10.1490/ptl. dxdoi. com/08-02tpl-sci.

Zhao, S. R. (2020). Photon can be described as the
normalized mutual energy flow. Journal of Modern Physics,
11(5), 668-682.

Zhao S. R. (2021) Huygens principle based on mutual
energy ow theorem and the comparison to the path integral.
Theoretical Physics Letters, 09 (06, January)

Zhao S. R. (2022) Solve the maxwell's equations and
Schrodinger's equation but avoiding the Sommerfeld
radiation condition. Theoretical Physics Letters, 10 (5
April).

Zhao S. R. (2022) The theory of mutual energy flow proves
that macroscopic electromagnetic waves are composed of
photons. International Journal of Physics, 10(5).

Zhao, S. R. (2022). Mutual stress flow theorem of
electromagnetic field and extension of newton's third law.
Theoretical Physics Letters, 10(7).

Zhao, S. R. (2022). The Paradox that Induced Electric
Field has Energy in Maxwell’s Theory of Classical
Electromagnetic Field is Shown and Solved. International
Journal of Physics, 10(4), 204-217.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Zhao, S. R. (2022). The contradictions in poynting theorem
and classical electromagnetic field theory. International
Journal of Physics, 10(5), 242-251.

Zhao, S. R. (2022). Energy flow and photons from primary
coil to secondary coil of transformer. International Journal
of Physics, 11(1) ,21-39.

Zhao, S. R. (2023). Calculate the Energy Flow of
Transformers, Antenna Systems, and Photons by Redefining
the Radiated Electromagnetic Field of Plane-sheet Current.
International Journal of Physics, 11(3), 136-152.

Zhao, S. R. (2023). Experiment to Prove the Existence
of the Advanced Wave and Experiment to Prove the
Wrong Definition of Magnetic Field in Maxwell’s Theory.
International Journal of Physics, 11(2), 73-80.

Zhao, S. R. (2023). Definition, Measurement and Calibration
of Magnetic Field of Electromagnetic Wave—Correct the
Defects of Maxwell’s Classical Electromagnetic Field
Theory. International Journal of Physics, 11(3), 106-135.
Zhao S. R. (2023) Energy Conservation Law and Energy
Flow Theorem for Transformer, Antenna and Photon.
International Journal of Physics, 11(2), 56-66.

ren Zhao, S. (2023). Calculate the energy flow of
transformers, antenna systems, and photons through a
new interpretation of the classical electromagnetic fields.
International Journal of Physics, 11(5), 261-273.

Graneau, P., & Assis, A. K. T. (1994). Kirchhoff on the
motion of electricity in conductors. Apeiron, 19, 19-25.
Frisvad, J. R., & Kragh, H. (2019). On Ludvig Lorenz
and his 1890 treatise on light scattering by spheres. The
European Physical Journal H, 44, 137-160.

Copyright: ©2024 Shuang-Ren Zhao. 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.

OA J Applied Sci Technol , 2024

https://opastpublishers.com

Volume 2 | Issue 1 | 29


https://doi.org/10.1007/BF00670751
https://ui.adsabs.harvard.edu/link_gateway/2000PhyEs..13..138S/doi:10.4006/1.3025422
https://ui.adsabs.harvard.edu/link_gateway/2000PhyEs..13..138S/doi:10.4006/1.3025422
https://ui.adsabs.harvard.edu/link_gateway/2000PhyEs..13..138S/doi:10.4006/1.3025422
https://www.researchgate.net/profile/S-Ren-Zhao/publication/307303095_New_interpretation_for_quantum_mechanics_It_is_the_mutual_energy_current_composed_of_a_retarded_and_an_advanced_waves_instead_of_the_probability/links/5c16b1d2299bf139c75e225f/New-interpretation-for-quantum-mechanics-It-is-the-mutual-energy-current-composed-of-a-retarded-and-an-advanced-waves-instead-of-the-probability.pdf
https://www.researchgate.net/profile/S-Ren-Zhao/publication/307303095_New_interpretation_for_quantum_mechanics_It_is_the_mutual_energy_current_composed_of_a_retarded_and_an_advanced_waves_instead_of_the_probability/links/5c16b1d2299bf139c75e225f/New-interpretation-for-quantum-mechanics-It-is-the-mutual-energy-current-composed-of-a-retarded-and-an-advanced-waves-instead-of-the-probability.pdf
https://www.researchgate.net/profile/S-Ren-Zhao/publication/307303095_New_interpretation_for_quantum_mechanics_It_is_the_mutual_energy_current_composed_of_a_retarded_and_an_advanced_waves_instead_of_the_probability/links/5c16b1d2299bf139c75e225f/New-interpretation-for-quantum-mechanics-It-is-the-mutual-energy-current-composed-of-a-retarded-and-an-advanced-waves-instead-of-the-probability.pdf
https://www.researchgate.net/profile/S-Ren-Zhao/publication/307303095_New_interpretation_for_quantum_mechanics_It_is_the_mutual_energy_current_composed_of_a_retarded_and_an_advanced_waves_instead_of_the_probability/links/5c16b1d2299bf139c75e225f/New-interpretation-for-quantum-mechanics-It-is-the-mutual-energy-current-composed-of-a-retarded-and-an-advanced-waves-instead-of-the-probability.pdf
https://doi.org/10.4236/jmp.2020.115043
https://doi.org/10.4236/jmp.2020.115043
https://doi.org/10.4236/jmp.2020.115043
https://hal.science/hal-03271791/document
https://hal.science/hal-03271791/document
https://hal.science/hal-03271791/document
https://hal.science/hal-03271791/document
https://hal.science/hal-03799559/document
https://hal.science/hal-03799559/document
https://hal.science/hal-03799559/document
https://www.researchgate.net/profile/S-Ren-Zhao/publication/364432681_The_Paradox_that_Induced_Electric_Field_has_Energy_in_Maxwell's_Theory_of_Classical_Electromagnetic_Field_is_Shown_and_Solved/links/6463b86902c5097541bf5b6a/The-Paradox-that-Induced-Electric-Field-has-Energy-in-Maxwells-Theory-of-Classical-Electromagnetic-Field-is-Shown-and-Solved.pdf
https://www.researchgate.net/profile/S-Ren-Zhao/publication/364432681_The_Paradox_that_Induced_Electric_Field_has_Energy_in_Maxwell's_Theory_of_Classical_Electromagnetic_Field_is_Shown_and_Solved/links/6463b86902c5097541bf5b6a/The-Paradox-that-Induced-Electric-Field-has-Energy-in-Maxwells-Theory-of-Classical-Electromagnetic-Field-is-Shown-and-Solved.pdf
https://www.researchgate.net/profile/S-Ren-Zhao/publication/364432681_The_Paradox_that_Induced_Electric_Field_has_Energy_in_Maxwell's_Theory_of_Classical_Electromagnetic_Field_is_Shown_and_Solved/links/6463b86902c5097541bf5b6a/The-Paradox-that-Induced-Electric-Field-has-Energy-in-Maxwells-Theory-of-Classical-Electromagnetic-Field-is-Shown-and-Solved.pdf
https://www.researchgate.net/profile/S-Ren-Zhao/publication/364432681_The_Paradox_that_Induced_Electric_Field_has_Energy_in_Maxwell's_Theory_of_Classical_Electromagnetic_Field_is_Shown_and_Solved/links/6463b86902c5097541bf5b6a/The-Paradox-that-Induced-Electric-Field-has-Energy-in-Maxwells-Theory-of-Classical-Electromagnetic-Field-is-Shown-and-Solved.pdf
https://hal.science/hal-04081616/
https://hal.science/hal-04081616/
https://hal.science/hal-04081616/
https://hal.science/hal-03767281/document
https://hal.science/hal-03767281/document
https://hal.science/hal-03767281/document
https://pubs.sciepub.com/ijp/11/3/3/index.html
https://pubs.sciepub.com/ijp/11/3/3/index.html
https://pubs.sciepub.com/ijp/11/3/3/index.html
https://pubs.sciepub.com/ijp/11/3/3/index.html
https://pubs.sciepub.com/ijp/11/2/3/index.html
https://pubs.sciepub.com/ijp/11/2/3/index.html
https://pubs.sciepub.com/ijp/11/2/3/index.html
https://pubs.sciepub.com/ijp/11/2/3/index.html
https://pubs.sciepub.com/ijp/11/3/2/index.html
https://pubs.sciepub.com/ijp/11/3/2/index.html
https://pubs.sciepub.com/ijp/11/3/2/index.html
https://pubs.sciepub.com/ijp/11/3/2/index.html
https://hal.science/hal-03567369/document
https://hal.science/hal-03567369/document
https://hal.science/hal-03567369/document
https://www.ifi.unicamp.br/~assis/Apeiron-V19-p19-25(1994).pdf
https://www.ifi.unicamp.br/~assis/Apeiron-V19-p19-25(1994).pdf
https://doi.org/10.1140/epjh/e2019-100022-y
https://doi.org/10.1140/epjh/e2019-100022-y
https://doi.org/10.1140/epjh/e2019-100022-y

