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Abstract The research shows that the theory of quasi-static electromagnetic field and the theory of radiated
electromagnetic field satisfying Maxwell’s equation are two different systems. In these two systems, the definition
formula of electric field and magnetic field is identical. The author found that the physical meaning of the definition
of the electric field is the same. But the meaning of the definition of magnetic field is different. The author puts
forward two new axioms of electromagnetic field theory, (1) N current elements should satisfy the law of
conservation of energy. (2) The energy of electromagnetic radiation should not overflow the universe. The theory of
quasi-static electromagnetic field can well satisfy these two laws. However, the theory of radiated electromagnetic
field satisfying Maxwell’s equation does not satisfy these two electromagnetic field laws. These two electromagnetic
field laws are self-evident. It is also related. As long as one is true, the other is also true. The conflict between the
theory of satisfying Maxwell’s equation and these two laws shows that Maxwell’s electromagnetic theory has
problems. The author first thought that maybe the electromagnetic wave is a wave of reactive power, that is, the
electric field and magnetic field of the electromagnetic wave maintain a 90-degree phase difference. The average
value of energy transmitted by this wave is 0. However, Maxwell’s equation does not support this kind of wave, so
the author adds time reversal wave to Maxwell’s electromagnetic theory. The time reversal wave causes the reverse
collapse of the electromagnetic wave. In this way, electromagnetic waves will not overflow the universe. The
propagation of electromagnetic wave energy can be completed by mutual energy flow. The author believes that the
mutual energy flow is photon. Recently, the author studied the energy flow transfer from the primary coil to the
secondary coil of the transformer. Studying the energy flow transfer from the transmitting antenna to the receiving
antenna, it is found that the electromagnetic wave should be reactive power, otherwise it is difficult to establish the
physical model of the receiving electromagnetic wave. Therefore, the author began to replace the concept of reverse
collapse of electromagnetic wave with reactive power electromagnetic wave. Recently, the author studied the
measurement of magnetic field and found that the quasi-static magnetic field can be measured by ring current or
straight wire. The values obtained by the two methods are identical. However, for the magnetic field of
electromagnetic wave, the measurement with ring antenna and straight-wire antenna has different phases. If the
correct method for measuring magnetic field should be straight-wire antenna rather than circular current antenna,
then the definition of magnetic field of electromagnetic wave must be revised. The author revised the definition of
magnetic field of electromagnetic wave. After the revision, the two laws of electromagnetic field proposed by the
author were satisfied. The author believes that the definition of magnetic field of electromagnetic wave in Maxwell’s
electromagnetic theory is wrong. However, the definition of electric field in Maxwell’s electromagnetic wave theory
is still valid. This ensures that Maxwell’s electromagnetic theory is still correct for most engineering problems.
Because the reception of electromagnetic waves mainly involves the induced electromotive force, which is only
related to the electric field and has nothing to do with the definition of magnetic field. The problems caused by this
defect of Maxwell’s theory are mainly problems related to wave-particle duality. The correction of this defect leads
us to correctly explain the collapse of waves, the shape of photons, quantum entanglement and other phenomena. If
the electromagnetic wave is a reactive power wave, in fact, the wave of other particles, such as the wave of electrons
satisfies Schrodinger equation and Dirac equation, may also be reactive power. In short, due to the modification of
the definition of magnetic field of electromagnetic wave, the definition of many physical quantities will be affected.

Keywords: magnetic field, electromagnetic wave, photon, energy flow, Poynting, transformer, antenna, reciprocity
theorem, mutual energy theorem, energy conservation law, universe
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1. Introduction

1.1. Existing Theories of Electromagnetic
Wave and Photon

According to quantum mechanics, electromagnetic
wave is a probability wave, which will collapse to an
absorber charge to form a photon. That is to say, photons
are the products of wave collapse. The wave collapses
onto an absorber charge of the receiving antenna, and this
charge gets the energy of the electromagnetic wave.

However, according to classical electromagnetic theory,
electromagnetic waves are energy waves that carry this
electromagnetic energy. According to the classical
electromagnetic theory, the changing current on the
transmitting antenna causes the generation of spatial
electromagnetic waves, which can propagate in space
without the transmitting antenna. Electromagnetic waves
propagate in the ether according to Maxwell’s idea. Now
we have abandoned the concept of ether, but ether still
emerges as a new identity of the electromagnetic field.
Therefore, electromagnetic waves propagate in space or in
an electromagnetic field. Electromagnetic waves travel
through space irrespective of the source from which they
originate. Just as sound waves move away from the source
of sound. When the electromagnetic wave propagates to
the receiving antenna, part of the energy of the electromagnetic
wave is transferred to the receiving antenna. The receiving
antenna receives the electromagnetic signal. It can be seen
that the views of classical electromagnetic theory and
quantum theory are different.

Are electromagnetic waves energy or probability? In
addition to the above two points of view, there is also a
point of view that there is an advanced wave. Because the
solution of Maxwell equation has retarded wave and
advanced wave. Wheeler Ferman proposed in their
absorber theory that currents produce half retarded and
half advanced waves [1,2]. Of course, both the retarded
wave and the advanced wave are moving in all directions
in space, that is, both the source and sink produce
spherical waves. Wheeler Ferman’s absorption theory is
based on the theory of action-at-a-distance [8,25,27]. Cramer
has improved the models of Wheeler and Feynman, and it
also believes that current can produce retarded and advanced
waves [5,6]. However, in his particle model, a particle
consists of a retarded wave from the source and a
handshake from the sink. Instead of firing in all directions,
these retarded waves can be directed. That is, the waves
emitted by the source and sink are almost planar. The
retarded wave of the source points to the sink, and the
wave of the sink points to the source. In this view, both the
source and sink emit electromagnetic waves. Receiving
electromagnetic waves by sinks is also an active process.
It is done by transmitting an advanced wave.

Wheeler Feynman believes that classical electromagnetic
theory is wrong. They believe that electromagnetic waves

solved according to Maxwell’s equation should not be
treated as a physical quantity. They believe that interaction is
a real physical quantity. The resulting electromagnetic
wave should be considered a record of interaction
[1,2]. Cramer’s transactional interpretation of quantum
mechanics is also a qualitative theory. Neither of the two
theories specifically corrects Maxwell’s electromagnetic
theory.

In 1987, the author proposed the electromagnetic
mutual energy theorem [14,30,31]. Thirty years later and
before 2015, the author read Welch’s time domain
reciprocity theorem [28] and de Hoop’s related reciprocity
theorem [7], and found that the two theorems are the
inverse Fourier transformation of the mutual energy
theorem proposed by the author. So these three theorems
can be seen as one. These three theorems involve the
advanced wave. Advanced waves violate causal
relationships and are not generally considered to be true
physical quantities. So it seems correct to call these
theorems reciprocity. As a reciprocity theorem, it is not
necessary that both quantities in the theorem are physical
quantities. One can be virtual. So is it a mistake for the
author to call this theorem as an energy theorem? With
this in mind, the author has started to re-study the subject
of mutual energy [12,16,18-24]. The author first noticed
Wheeler’s and Feynman’s absorber theory and Cramer’s
transactional interpretation, and was greatly encouraged to
learn that there are other important scientists who believe
that the advanced wave is an objective existence of
physics. The author read Stephenson’s introduction to the
advance wave [26] and was also greatly affected. Around
2016, the author first proved that the mutual energy
theorem is an energy theorem. Then the mutual energy
flow theorem [15] is found. The authors found that the
shape of the mutual energy flow is similar to that of the
photons. A further quantum mechanical interpretation
based on electromagnetic mutual energy flow is proposed.
In this interpretation, the collapse of the wave is equal to
the reverse collapse of the wave plus the mutual energy
flow. In addition, the author found that the mutual energy
theorem is not only an energy theorem, but also a law of
conservation of energy. It is not only the law of
conservation of energy, but also the localized law of
conservation of energy. This self-explanatory law of
conservation of energy cannot be demonstrated from the
Maxwell’s equations. The authors have modified
Maxwell’s electromagnetic theory and proposed the
concepts of time reversal wave and electromagnetic wave
reversal collapse. The authors found that the reverse
collapse of waves together with the mutual energy flow
can play the same role as the wave collapse. On this basis,
the author has established a whole new set of
electromagnetic theory [16-24].

The new electromagnetic field theory proposed by the
author supports Whiler and Feynman’s absorber theory
and Cramer’s view that the advanced wave is a physical
and objective existence. The author’s particle model of
mutual energy flow replaces the particle model in
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Cramer’s quantum mechanical transactional interpretation.
One of the most important things in quantum mechanical
interpretation is to explain the collapse of waves. In the
author’s model, the collapse of a wave consists of the
reverse collapse of the wave and the mutual energy flow.
The reverse collapse of the wave is accomplished by the
time reversal wave. The author further discovered that the
reverse collapse of electromagnetic waves and waves
can be replaced by a reactive power wave around 2022.
Reactive power waves are not supported by Maxwell’s
electromagnetic theory. Therefore, in the author’s
electromagnetic theory, the theory of Maxwell equation is
also modified.

Recently, the authors found that their theory of
quasi-static and magnetic quasi-static electromagnetic
fields is completely different from that of Maxwell’s
theory of radiated electromagnetic fields after adding
displacement current. The measurements of magnetic
fields should not be the same for these two completely
different systems. For quasi-static fields, The curl of the
electric field does give the value of the magnetic field

0 .
qSCE-dl =—aﬂr5.ndr (1)

Where C is the boundary of the surface I'. T" is also a
coil of a measuring circuit. Assume there is only one
circle.

<_[>E-d|=—ja)an

B, =B-fi, Sis the area of the surface. B, =B-f,

S[’ E-dl
Bn:C.—
—joS

The above magnetic field measurement is used for
quasi-static magnetic field. The author believes that this
definition is not suitable for radiated electromagnetic
fields with retardation factors.

1.2. The Author’s Electromagnetic Theory

Few people have studied how an antenna receives
electromagnetic waves, and we know that when studying a
transmitting antenna, it can be said that the effect of the
receiving antenna on the transmitting antenna can be
ignored. This seems correct (and indeed incorrect) because
the receiving antenna has an impact on the transmitting
antenna, and this effect is important. However, the
research on the receiving antenna is different. We must
consider both the electromagnetic field of the transmitting
antenna and the electromagnetic field of the receiving
antenna. The problem becomes very complex. If only the
inductive electromotive force on the receiving antenna is
considered, the problem does not seem complex. The
inductive electromotive force on the receiving antenna can
be calculated based on the far field of the transmitting
antenna. However, the author is concerned with how the
energy flow from the electromagnetic field flows into the
receiving antenna. The issue involving energy flow
involves both electric and magnetic fields.

At the receiving antenna, the electromagnetic field of
the transmitting antenna can be seen as a plane wave, so it

can be considered that the incoming field of the receiving
antenna is a plane wave. Consider the simplest case,
where the receiving antenna is a cylinder of good
conductor or a small square piece of metal. The
electromagnetic field of the receiving antenna near the
receiving antenna can be seen as a quasi-static field. The
purpose of this paper is to calculate the energy flow of the
electromagnetic field and see how this energy flow flows
into the receiving antenna.

Most people may think of the Poynting vector and the
Poynting theorem. After all, the Poynting Vector and the
Poynting Theorem are often very successful in describing
the energy flow of an electromagnetic field. Especially for
a simple current circuit with concentrated parameters
including power supply, resistance, inductance and capacitor.
However, for an antenna system, which includes two
separate circuits, one transmitting antenna and one
receiving antenna, almost no one has studied it. The
author finds that at this point the Poynting vector actually
needs to be subdivided. It is divided into self-energy flow
and mutual energy flow. Self-energy flow is the energy
flow composed of the electromagnetic fields of the
transmitting antenna or receiving antenna itself. Mutual
energy flow is a hybrid energy flow composed of the
interaction between the electromagnetic field of the
transmitting antenna and the electromagnetic field of the
receiving antenna. So there is the Poynting vector,

S=ExH
= (E; + Ep)x(Hy +Hy) (1
=E1XH1+E2XH2+E1XH2+E2XH1

Subscript 1 represents the transmitting antenna, and
subscript 2 represents the receiving antenna. The author
calls

Q= Cﬁﬁrl (EpxHy)-ndl (2)

Qo2 = fy., (2 xHy)-Adr (3)

as the self-energy flow. They are the self-energy flow of
the transmitting antenna and the receiving antenna. And
call

Qn = b (Eyx Ha + E x Hy)-AdT (4)

as mutual energy flow. The division above does not seem
magical. However, the author inherits Wheeler Feynman’s
absorber theory [1,2] (1945), John Cramer’s Quantum
Mechanical Transactional Interpretation [5,6] (1986), and
supports that any change in current of current element
produce not only retarded waves, but also advanced waves.
For a system consisting of a transmitting antenna and a
receiving antenna, the transmitting antenna generates a
retarded wave and the receiving antenna generates an
advanced wave. Of course, the transmitting antenna also
produces advanced waves and the receiving antenna
produces retarded waves, but these waves are invalid.
If a retarded wave does not find an advanced wave to
synchronize with, the retarded wave is invalid. The
same is true for advanced waves. The advanced waves
in most textbooks about electromagnetic fields are
not recognized as physical objects because time in
the advance wave takes a negative value and violates a
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causal relationship. The advanced wave is considered a
virtual quantity. Considered all these, the above formula
(4) is not so simple.

In 1987, the author proposed the mutual energy
theorem [14,30,31]. In 2017, the author further discovered
that this theorem is not only the energy theorem, but also
the law of conservation of energy. Not only the law of
conservation of energy, but also the localized law of
conservation of energy [15]. Maxwell’s equation does not
prove this Law of conservation of energy, it can only
prove that it is an energy theorem (not a law). The
author thought there was a problem with Maxwell’s
electromagnetic theory and began to revise it. The key to
this law of conservation of energy is that the energy flow
(2,3) does not transfer energy. All energy is transferred by
the formula (4). Therefore, the author considers that
perhaps the self-energy flow is reactive power, that is, the
electric field and the magnetic field keep 90 degree phase
difference. However, the solution of Maxwell’s equation
does not support this kind of electromagnetic field.
According to Maxwell’s electromagnetic theory, the far
field of an antenna is that the electric field and the
magnetic field keep the same phase. To keep the
self-energy flow from transferring energy, the author adds
a time-reversal wave to the electromagnetic field system.
Time reversal waves can form the reverse collapse of
waves. Reverse collapse combined with mutual energy
flow can well explain the concept of wave collapse in
guantum mechanics [15]. Recently, the author found that
the far field radiation of the antenna should be reactive
power wave [16-24]. The electric field and magnetic field
of the electromagnetic wave in the solution of Maxwell’s
equation keep the same phase, so they are active power
waves. This is actually wrong.

Therefore, the author assumes that there is a plane
electromagnetic wave shining on the receiving antenna.
According to the author’s electromagnetic theory, the
plane wave is a reactive power wave, that is, the electric
field and magnetic field maintain a 90-degree phase difference.
It is assumed that the electromagnetic field generated on
the receiving antenna is near field, so it can be calculated
according to magnetic quasi-static electromagnetic field.

The author believes that the system composed of
transmitting antenna and receiving antenna should be
similar to the system composed the primary coil and
secondary coil of a transformer, because if the transformer
secondary coil is moved from the transformer primary
coil for a distance, the primary coil will become
transmitting antenna, and the secondary coil will become
receiving antenna. For the transmission and reception of
electromagnetic waves, it refers to the transmission of
energy flow from the transmitting antenna to the receiving
antenna, and also refers to the transmission of energy flow
from the primary coil of the transformer to the secondary
coil.

The second chapter gives the background knowledge.
The third chapter gives the existing electromagnetic
theory. The fourth chapter introduces the energy law of
electromagnetic field proposed by the author. Chapter 5 is
energy formula of radiated electromagnetic field. Chapter
6 is a calculation example of the emission and reception of

electromagnetic waves. Chapter 7 redefines magnetic field.

Finally, there is a summary.

2. Background Knowledge

2.1. Faraday Electromagnetic Induction

In 1845, Neumnan expressed Faraday’s electromagnetic
induction theorem in formula [10]

521_——95C2 b L4, -, (5)

&1 is the inductive EMF from primary coil C; to the

secondary coil C,. Where, C; and C, are two closed

wire coils. For simplicity, assume that the wire coils have
only one loop.

r=yll» =

X is @ point on curve C;. X, is a point on curve C,. In
1846 Weber gave another Faraday's

gSCZ o C1r(ou1 F)F -dl, (6)

Two different magnetic vector potentials can be
defined.

1 1
A =22 G Thdl > 22 [ ~nv (7)

I} J'Vlé(Jl -F)fdv

If loop C; is a current loop, V; is a region. “ — ”

Ho 1 Ay A Ho
=—=@¢_ =l -P)f >—
Paw 47:450”1( 1) 4r

stands for a promotion. Here is the line currentj---lldl is

generalized to body current J'”~--J1dv . If C; is a closed

loop, and Hermhertz proves that the induced electromotive
force of the two formulas above is equal. It is generally
accepted that Neumman's vector potential is correct when
the loop is not closed. Therefore, the vector potential of
Weber is not mentioned below. However, we cannot
forget Weber's important contribution to the theory of
electromagnetic field.

2.2. Electromagnetic Field

For an electromagnetic field, in quasi-static state,

suppose there are two coils, C; and C,. There is an
inductive EMF of,
= =l,dly -dl (8

&, is the electromotive force generated by current 1; on
coil 2. Or,

d
gSCZ E, -dl =_EC~‘SCZ A -dl, (9)
Or
Mo g 1
=206 Zid
A 4ricr it
Or
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0
q‘;cz E,-dl = —gSCZEAl.dl2
Or
¢ (B +2 A)-dl =0
C2 ot
Or
Vx(E +ﬁA1)—o
Lo

Considering that the curl of a something is zero, it
should be a gradient function, so there is,

0
E; +§ A =-Vg¢
Or
Er= VoA
ot
Consider,

VA =V EL ] Zy,av)
=Z‘_2jjjvlw(%31)dv

:Z’_g | jvlvé)xal)dv (11)
:Z‘_zmvl (_rLS)le)dv
:Z_zmvlJlerSdV

According to Biot-Savart's law, we know that the
magnetic field is,

_Ho r
B =~ mvlJlx 3 dv (12)
Compare (11) and (12), so there is a magnetic
B =VxA (13)

The above formula can be regarded as the definition of
magnetic field. Note that this formula is obtained under
quasi-static conditions! Therefore,

B2VxA (14)
“ £ ” means definition. Among them,
_Hoqpr L
A= - m\/ rJdv (15)

In the following discussion, the subscript “1” is omitted,
but it should be clear that at least two objects, such as a
primary coil and a secondary coil, are often needed to
establish these formulas, so there are always two
subscripts 1,2. Now that we omit the subscrits do not
mean that the subscripts do not exist. The formula (15)
gives the impression that the magnetic vector A is caused
by the current J, which is not completely correct. The
author means that electromagnetic problems are problems
of interaction, and interaction requires two objects to

interact. For example, the primary coil and secondary coil
of transformer, transmitting antenna and receiving antenna,
etc. So even if there is no subscripts in the formula (15), in
fact, we should reserve a position for the subscripts we
should give it.

In the above derivation we known that the reason why
we can define a magnetic field using formula (14) is
because the curl of A happens to be equal to the magnetic
field defined in Biot-Savart law.

2.3. Retarded Potential

Maxwell’s contemporaries, such as Kirchhoff [11] and
Lorenz [9], did not establish the concept of electric field
and magnetic field, so for them, for example, Ohm’s law
was used as following,

J=0cE

They just write directly as

J= a(—v¢—§A) (16)

o is the conductivity. The above formula does not
introduce the concept of electric field, which was
introduced only by Maxwell. However, we can also think
that Kirchhoff and Lorenz’s concept of electric field is,

0

E:—v¢—aA 17)

Lorenz obtains the retarded potential from the potential
function A, ¢ under quasi-static conditions,

1 1
Al = :‘—;ﬂ v - Z‘—zmv SJ(t-r/e)dv

1 1 1 1
40 = %” v?pdv > Ejﬂv ?p(t— r/c)dv

“— ” means some kind of extension. If there is a time
factor exp(jwt) , for both the current and the charge

intensity, then the above form becomes,
(" _ o L Ho ittt L3 exp(— ik
AV = i Jﬂv rJdV - i va rJ exp(—jk-r)ydv

1

(r)
¢ 472'60

1 1 1 _
mv dev - Em" Fpexp(—Jk -r)dv

In the above formula, the time factor exp(jwt) is

omitted to simplify the problem. For electric and magnetic
fields E, B, the two masters, Kilhoff and Lorenz, are not
defined at all. Because logically, we cannot obtain the
following electromagnetic field expression,

EM = _vg® —%A(” (18)

B(N —vxAlD (19)
Maxwell actually defines a retarded electrostatic field.
E{ vy

define the retarded inductive field,
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EM 2 9 A0 A0
ot
So there are,
" — i (1 Lexp(—ik.
Ei'' = Jw4ﬂ”fv rexp( jk-r)av

Hence, we have,

tim 60— [, v -5

k = kF, k :277[ is considered here, so 4 — o, k — 0 and
hence the following is applied,
lim exp(—jk-r)=1
A—®
For a magnetic field defined by Maxwell, consider

lim BM = lim vx A"

PR Ao
:JijquX&jjj L5 exp(C jk - ryav

)!E)nw ,,IH V><(—J exp(—jk - r))dV
= 'inw4 m V(—exp( jk-r))x JdV
= Jim 22 [[f, (=g exo(= ik-1)

+[_Texp(—jk-r)]><J)dV

Hence,
L n(n) _ Mo LRI LS
A'i"wB _MMV(JX 7+ XV
_B+ ” j (I x )dV
So there are,
lim E(") = (20)
A—0
lim B 2B (21)
A—0

The retarded inductive electric field becomes a
quasi-static inductive electric field at a long wavelength.
However, a retarded magnetic field with a long
wavelength is not consistent with a quasi-static
magnetic field. In the case of magnetic quasi-static
state, because the curl of vector potential A happens
to be equal to the magnetic field defined in Biot-Savart
law, we define the magnetic field as the curl of A.
Now, in the case of a retarded radiated electromagnetic

field, the curl of the vector potential A" is not consistent
with the magnetic field even at large wavelengths.

If we still define the curl of a vector potential AN
as a magnetic field, it is obviously unreasonable.
In addition,

lim E{") = lim (-v¢)

A—o

= lim (- me Cexp(— jk-r)pdV)
=_/1|Too47zeo ﬂj V(—exp( jk-1)) pdVv
:_/Ilgnoo47reo J.'” (_ eXp(—jk )

+F(_ jk)exp(-jk-r))pdVv

1 rojk
= — +—)pdV
lim E{ = Eg ro— dv
Jim oIl
lim E = Eg (22)
A—©
Therefore, the author considers that the retarded

induced electric field Ei(r) calculated by Maxwell
equation is more reliable. The retarded magnetic field
B(" calculated according to Maxwell’s equation is the
least reliable. Electrostatic Field Egr) is also not reliable.

By saying that they are not reliable, they are not
generalizations of quasi-static electromagnetic fields, but
another entirely different physical quantity.

2.4. Redefinition of Electromagnetic Wave or
Retarded Electric and Magnetic Field
by the Author

The author believes that the so-called quasi-static
electromagnetic field condition refers to the electromagnetic
field at a large wavelength. Therefore, the author wants to
consider that the retarded electromagnetic field should be
converted into a quasi-static electromagnetic field when
the wavelength is very large. That is,

lim (") = (23)

A—0

Due to retarded magnetic field Ei(r). In 2 > o, the

induced magnetic field can be degraded to a magnetic
quasi-static, so the relationship between the quasi-static
magnetic field and the retarded potential defined below is
reliable,

EM 2 2 A0 (24)
ot

@A

The symbol denotes a definition, but the author
does not consider the following formula for a magnetic
field in the case of a retarded radiated electromagnetic
field.

BN 2y AN (25)

since,
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lim B() » B (26)
A—0
Consdier,
lim E{" = E, @7
A—0

Nor do we think the following formula is correct,
EMN 2 vy (28)

However, since there is no problem with the definition
of the above form (28) other than the formula (27), it may
be advisable to assume that the above form (28) is still

valid (in fact V¢(r) is often not important in the discussion,

and sometimes does not appear, for example, planar
electromagnetic waves are only related to the retarded
inductive field). Therefore, it may be advisable to continue
to believe that the following definitions are correct.

EM 2 _yy®) —%A(r) (29)

What is more guaranteed is that only inductive electric fields
can be extended to cases with retarded fields. That is,

M2 20 (30)
ot

This paper studies the reception of electromagnetic fields.
There is no need to do much research on how the
electromagnetic field is radiated. The far field of an antenna
can always be seen as approximate plane waves, so assume
that there are plane electromagnetic waves, that the direction
of the electric field is (—Z), and that the direction of the
electromagnetic wave propagation is ( X ), so there are,

40 =0
A = pg exp(j(ot - k)2
E-= —%A(r) = —joA") = —jo A exp(j(at —kx)Z
the electric field can be written as,
E™ = jEg exp(- jkx)(-2)

EO = COAO
The j in front of the electric field is for convenience,

however, j is an initial phase, which can be freely picked

up. The retarded magnetic field according to the Maxwell
equation is,

HO oL o A® - goa exp(et k)2
0

maxwell — Ho
1. ; o
=— jkAg exp(j(at —kx)) ¥
Ho
1 ) . ~
= 11060 A exp( (et —kx))§
0
.1 : o
= Jn_a;/\) exp(j(at —kx))y
0

1 . .
= j—Epexp(j(at —kx))y
o

However, for the reasons of the preceding two sections,
the author considers that the retarded magnetic field defined
above is unreliable. In this paper, a correction scheme for
the above results is proposed. According to this correction
scheme, the correct retarded magnetic field should be:

1 . .
H R =—Eg exp(j(wt - kn)§
o

This keeps the phase difference between the magnetic field

and the electric field at 90 degrees. So the author defined,

H, 2 -jH D) (31)

maxwell

Hence there is,
o1 oA 1 A
H {8 =~ §(J—Eq exp(~ jkx)§) = —Eg exp(- jkx)§
o o

The subscript “new” denotes a retarded magnetic field
newly defined by the author. So the Poynting vector,

Shew = E(r) x (Hrgre?/v)*

= (jEg exp(j(mt —kx))(-2)) x (% E exp( j(wt —kx)) (32)

.1 .
= (i—E{)%
o
The above formula is a pure imaginary number. Description
of Poynting Vector S, is a pure imaginary number, and

this wave is reactive power. So no energy is transferred in
average. The authors believe that electromagnetic waves
should be reactive power and therefore do not transmit
energy. This requirement is met by using this newly
defined retarded magnetic field. The author’s definition of
a magnetic field looks pointless and certainly not easy to
be acceptable to the reader. The reason for this definition
is slowly given below by the author. Hopefully the
following reasons will change the reader’s view.

3. Existing Electromagnetic Theory

The author briefly reviews some of the existing
electromagnetic field theories to see what is not so right.

3.1. Quasi-Static Equation

In the following derivation, the author omits the shuscripts,
1,2. The author just omitted the subscripts, but thought
they always exist. For an electromagnetic phenomenon,
they are an interaction, so there are at least two subscripts,
one for the source of emission and one for the sink. The
source and sink interact. For quasi-static cases,

Mo J
A_—4ﬂﬂv?dv (33)
hence,

VZA=—puq 1] jv (VZ(—ié))JdV

=_ﬂomv (5(x—x"))J(x")dV (34)
=—pJ (X)
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For scalar potentials,

1

?ane

11, gdv (35)
Hence,
1 1
Vo=l Vet

:_%m\/ S(x - x)p(x)dV (36)

-0
€

So we get the Poisson equation,

VZA = -1 (X) (37
Vi = 1 p(X) (38)
€

And we already know that,

E =—V¢—§A (39)
B=VxA (40)
Consider
VxVxA=V(V-A)-V2A
Or

VZA=V(V-A)-VxVxA
Hence there is
V(V-A) - VxVxA=—uyJ(X)
Consider (40), yes,
V(V-A)-VxB =—uJ(X) (41)

Considering the Lorenz guage condition,
V'A=—‘erog¢ (42)
ot

The Lorenz guage condition can be directly demonstrated
by the definitions of A and ¢ formula (33, 35), which

require the use of the current continuity equation.

o
V-Jd=—— (43)
a’

Further obtained by (41,42),
0
V(=Hoeg a@ —VxB=-u5J(X)
Or,
0
VxB = 1pJ (X) +V(-tpeg 5¢)
Or,

Vx B = 11 (X) + oo %(—w) (44)

The formula above is Ampere’s circuital Law under
quasi-static conditions. There is a scalar Poisson equation
(36),

VY= p(0

V(Y = p(x)

€
Define,
E,=-V¢ (45)
We get the Gauss law,
1
V-Eg =—p(X) (46)
€
Consider,
VxE =V><(—V¢—£A) =—QVXA
ot ot
Consider
VxA=B
Obtain,
0
VxE=-—B 47
ot

The formula above is Faraday's Law. In addition,
V-B=V-(VxA)=0 (48)

The formula above is the law of magnetic gaussian,
which together yields a quasi-static equation,

1
V-Eg =—p(X) (49)

€
V-B=0 (50)
vxE--28 (51)

ot
0
VxB :,uo\](x)+,uoeanS (52)
Among them,

E,=-V¢ (53)
Ei = _9a (54)

ot
E =E+E; (55)

An example of a quasi-static electromagnetic field is an
AC current source in series connected by a capacitor, an
inductance, and a load resistance. Note that in this
quasi-static equation, the formulas (49) and (52) are
both electrostatic fields, Eg; . The formula (49-55)

represents Maxwell's previous electromagnetic theory.
The displacement current already exists in formula (52),
but it only contains the static field Eg does not contain

induction field E; . This part of the displacement current
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€ 2 E, is the result of introducing the current continuity
ot

equation (43). The current continuity equation was
introduced by Kirchhoff. In a sense, this part of
displacement current is attributed to Kirchhoff's
contribution. In Maxwell's original Maxwell's equations,
the current continuity equation is one of them, which takes
into account Kirchhoff's contribution to Maxwell's
equation. Unfortunately, Maxwell's followers take away
the current continuity equation from Maxwell's equations.
Since then, Kirchhoff's contribution to electromagnetic
theory has been ignored.

3.2. Maxwell’s Electromagnetic Theory

Maxwell’s equation is actually derived from Maxwell’s
quasi-static equation by following transformation.
Maxwell’s equation is not derived from logic. Maxwell’s
electromagnetic theory can be seen as derived from
the generalized quasi-static electromagnetic field
equation,

E > E (56)

This formula means that Maxwell believes that the
following,

_v¢
can be replaced by

o
V-ZA
P

The above transformation has no reason to follow.
Some authors believe that this is Maxwell’s very clever
mistake. That is, the static electric field appearing in
Gauss’s law (49) and Ampere’s circuital law (52) is
changed to include both the electrostatic field and the
induced electric field, so there is the following Maxwell
equation,

V-E :ip(x) (57)
€
V.-B=0 (58)
vxE=-2B (59)
ot
B
VXBZﬂoJ(X)-F,quan (60)

In this way, we get an equation of the radiated
electromagnetic field which is completely different from
the quasi-static equation. Because of the transformation
E; > E, the new equation (57-60) is completely

different from the original quasi-static equation (49-52).
They are two completely different theories of
electromagnetic fields. Classical electromagnetic field
theory holds that Maxwell equation (57-60) is an more
accurate electromagnetic field equation, and quasi-static
electromagnetic field equation is an approximation of
Maxwell equation, which is also wrong.

3.3. Magnetic Quasi-static Electromagnetic
Field

Magnetic quasi-static electromagnetic field is assumed
to be quasi-static field if Eg can be ignored, so there are,

E =0 61)
This is the case,
V-B=0 (62)
0
VxE=-—B (63)
ot
VxB = ppJ(X) (64)

An example of a magnetic quasi-static electromagnetic
field can be an AC power source connected to a load that
includes inductance and resistance. Another example is a
transformer, with the primary coil connect by an AC
current source and the secondary connect by a load
resistor.

4. Energy Law of Quasi-Static
Electromagnetic Field

Figure 1. The picture shows a transformer with five stars representing
the dotted terminal. The primary coil is connected to an AC current
source and the secondary to a load resistance.

4.1. Transformer

Figure 1 shows a transformer. The power provided by
the primary coil circuit of the transformer to the primary
coil of the transformer is,

R=Vly
Consider Kirchhoff’s voltage law for the circuit of
primary coil,
Vit+&, =0
& , is the induced electromotive force of the secondary
coil current on the primary coil, so there is,

Vi=-&,
P ==&,
The output power generated by the induced

electromotive force of the secondary coil is,
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P, =&4l;
For ideal transforme
R=P (65)
Or

~& ol =&1l5 (66)

The above formula is obviously a law of conservation
of energy for transformers. Considering the definition of
electromotive force,

A d .
&2 24301 Bp-dl==Myp 12 =-Mizjol,

A d .
&1 = QSCZ By -dl=-Mpyrli=-Mzyjoly

Substitute the above two formulas into the formula (66),
~(-My2jol) Iy = (Mg jwly)l
or,

Myp =My, 67)

This is another expression of the energy conservation
law formula (66). We know that,

Mgy £ 40 <]SC2 95C1—d|1'dlz

M12 = 20 @Cli)Cz r I2 dll

According to the above formula, mutual inductance is a
real number, so the formula (67) seems to be obvious, so it
is redundant. In fact, it is not. We have further verified the
law of conservation of energy (67) under the magnetic
quasi-static condition or the environmental conditions of
the transformer. This further shows that the formula (66)
is indeed the law of conservation of energy.

E, is the field of the primary coil and E, is the field
of the secondary coil. The law of conservation of energy
(66) can be rewritten to

—gSCl E, -dll =gSC2 E, -dll;

Consider the transformation of line current to body current.

Jo-a = [, -90v

The law of conservation of energy (68) can be written as,
-[If, E2(@ )dV
| SRR

By doing the inverse Fourier transformation of the
above formula,

(68)

(69)

B tj—oo dtm‘v Ex(t)- 1 (t+7)dV

= tO:—oodt.m.v Ey(t+7)-Jp(t)dV

(70)

Assume 7 =0, there is,

- to:—oo dtj”\/ Ex (1) J1(t)dV

® (71)
o [ STORNAGIY
The formula (71) can also be rewritten to
2 2
> > [0 aflf, B0 @2

i=1i=1, j=i

Consider 2— N , the above formula can be further

expanded to,

N N
IO W NI || STORMCEVANCE)
i=li=1, j=i
When converting to the Fourier frequency domain,
_Z Z HI Ej(@)-J;(e) dV (74)

i=1i=l, j=i

The formulas (65-74) all are the laws of energy
conservation in  the  transformer  environment.
Transformers work under quasi-static conditions, so the
above formulas are also the law of energy conservation
under quasi-static conditions. Later in this paper, the
author will further prove these laws of energy
conservation from the quasi-static electromagnetic field
equation.

Where (71) is Welch’s time domain reciprocity theorem
(1960) [28]. The formula (70) is the relevant reciprocity
theorem of de Hoop [7]. The formula (69) is the mutual
energy theorem (1987) of author (Zhao Shuangren)
[14,30,31]. It is also Rumsey’s new reciprocity theorem
(1963) [32], and the missing second reciprocity theorem
(2009) [33]. The formula (69) can be transformed by
conjugate transformation through Lorenz reciprocity theorem.
Here is the Lorenz reciprocity theorem (1900) [3,4],

jﬂv E, (@) -1 (0)dV =mv E; (@) 35 (0)dV

As a reciprocity theorem, essentially we think it has two
quantities, corresponding to subscript 1 and subscript 2,
respectively. One is a physical quantity and the other is a
virtual quantity. However, as the energy theorem requires
both quantities to be physical quantities, the energy
theorem is stronger than the reciprocity theorem. If it goes
a step further as the law of conservation of energy, it
shows that the formula already contains all the energy of
the system, so the energy of the whole system does not
change with time. In 2017, the authors found that (73 and
74) are laws of conservation of energy [15]. In the last
year or two, the author has deduced this law of
conservation of energy flow in transformer environments
again [21,22,23,24]. In transformer environments, it is
easy to recognize that this formula is indeed the law of
conservation of energy.

We know that transformers operate under quasi-static
conditions, so we are actually explaining the above law of
conservation of energy (65-74) under quasi-static
conditions. It is interesting to recognize the evolution of
this series of theorems. The earliest is the Lorenz
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reciprocity theorem (1900), which is a pure mathematical
theorem. Welch’s Law of Reciprocity (1960), which is
actually the law of the conservation of energy, is only
regarded as the law of reciprocity, a law of time-domain
reciprocity. Following this is the mutual energy theorem
[14], proposed by the author in 1987, which goes a step
further, from the reciprocity theorem to the energy
theorem. The understanding of a theorem, from its
reciprocity to its energy, is a big step forward. By 2017,
the author realized that it was the law of conservation of
energy [15], which is another big step forward.

These formulas (65-74) are actually laws of
conservation of energy, but most people do not even admit
that this formula is an energy theorem. The main reason is
that this formula involves advanced waves. The
electromagnetic fields in this formula are retarded and
advanced, which violates our usual understanding of
causality. In 1987, the author considered this formula to
be very significant as an energy theorem. In 2017, the
authors further recognized that these theorems are actually
laws of conservation of energy. Since this law of
conservation of energy cannot be demonstrated from the
Maxwell equation which includes the displacement
current, the author has started to modify the Maxwell
electromagnetic field theory. The concepts of time
reversal wave and electromagnetic wave reversal collapse
were initially proposed [15]. But recently (starting in 2021)
the author replaced time reversal waves with the concept
of reactive power waves [21,22,23,24].

4.2. Poynting Theorem under Magnetic
Quasi-static Condition
We know the mathematical formula,
V(ExH)=VxE-H-E-VxH

In the above formula, we consider the equation of
magnetostatic state (61-64),

V-(ExH):-%B-H—E-J

The corresponding Poynting theorem is obtained,

o (EXH).ﬁdF=IIJV(§B~H +E-0)V  (75)

4.3. Consider Superposition Principle under
Magnetic Quasi-static Condition

It is generally believed that the superposition principle
is the basic principle of electromagnetic theory,

N N N
E=YE, H=YH; J=>1 (76)
i=1 i=1 i=1
Substituting  Poynting theorem under magnetic
quasi-static condition,
N N
> > §p(EixH;)-fdr
i=1j=1
. 77

N N P
:sz\/(aBi.HﬁEi.Jj)dv

i=1j=1

The above formula is Poynting theorem with N current
elements, or Poynting theorem with N coils. We know
that the Poynting theorem corresponding to the i— th coil
has the following form:

R 0
~§p (B x H;)-AdT =mv (5B Hi+E-3)dv (78)
We can add up N such Poynting's theorem to get,

N
=Y §p(E; x H;)-Adr
=1 (79)

N
:va(gsi H; + E; - J;)dv
i=1

The time integral of the above two formulas (77, 79) is,

N N
—ZZj:_wdtg‘_}S(Ei xH;)-AdT

i=1 j=1

SR 5 (80)
=izl"jz‘1-|.—oodt.[”v (EBi ‘Hj+Ej-Jj)dv
‘%Li_mdtsﬁﬁ(Ei x Hj)-AdT
I (81)

N
LIS G s
i=1

4.4. Proof of (65-74) is an Energy Theorem
under Magnetic Quasi Static Conditions

The formula (80) and the formula (81) are both time
integrals of Poynting’s theorem. The difference between
the two formulas should also be equal, that is,

N N o
> jtz_wdtgj;r(EixHj)-ﬁdr

i=1 j=1, j#i

NN 5 (82)
:Ejz%;#ijz‘wdtmv (5 BiHj+Ei-3j)dv

The above surface T" can be taken as a sphere with
infinite radius. Because it is a magnetic quasi-static
electromagnetic field, consider that T" is a sphere with
infinite radius, and all the current J; are near the center of

the ball. For magnetic quasi-static conditions, the electric
and magnetic fields on the sphere are

1
Ei"‘—z
R
1
H|~—2
R
EiXHi "‘i4
R

ﬁ} (E-XH-)'ﬁdF~i4ﬂ'R2 ~—>0
re! J R4

hence, there is,
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dim | " dtgf (EixHj)-fdr =0 (83)
consider,
['e] N N o
It-—oo dt”.[v 2 2 (a Bj-H;j)dv
i=1 j=1, j=i

eIl % (2B H;+B -2 H AV
= VI=1]=1]<I ot ot (84)
= Jie ”I Z 12 HoH{H )V
-] dSU ~U()-U () -0
Among them,

u=ff, Z > mp(HiH v

i=1 j=1, j<i

For the same reason as above, both U («) and U (—x)
are 0. So we get that U (o) is the end of the process we are
considering, so there is U (x0) =0. U (—x) is the energy of
the process before it has started. This energy is U (—o0) =0.

Li_w dt”fv (g Bi - Hj)dV =0 (85)
substituting (83,84) into (82),
Z Z Jo dtfff, (Ei-3pav =0 (86)

i=1 j=1, j=i

The authors have thus demonstrated that the above
formula (86) is an energy theorem under quasi-static
conditions. Note that we are only proving that this formula
is an energy theorem, because it is proved by two Poynting’s
theorems, which are also energy theorems. The author has
not proven that it is the law of conservation of energy.

4.5. Proof of Law of Conservation of Energy
in the Condition of the Magnetostatic
Electromagnetic Field

To prove that the above formula is not only an energy
theorem but also a law of conservation of energy, the
author also needs to prove that each term of the formula
(81) is zero, that is,

Lj_wdt@(EixHi)ﬁdr:o (87
Jatffl, (g B; - Hj)dV =0 (88)
Lj_oodtm\, (Ej-Jj)v =0 (89)

Because if all three formulas are zero, the subtraction of
them from (80) then obtain (81) will remain the law of
conservation of energy. Because (80) is the law of
conservation of energy, (81) is 0 for each term, subtracting

a zero from the each term of the law of conservation of
energy will still keep it the law of conservation of energy.
Here is the author’s proof.

[ atff[, (Ei-3pav

J;i (x')- i (%)
—f e[, ] V,at—dv'dv
=-22f MVUV
20 i, I11,
|( )* |( )
[, JIf, ————avav)
( i(X)-3i(x)
_E t=— —IH 15, a dv v
.( )3 (X))

e 5 Hf 1]} '—dV’dV)
:L_oodth =U(0)-U(-) =0

We have considered the forlowing,

E, =—%Ai __E&m 23:dv

.( 0-3i(x)

pos |11 —dV’dV

Is the energy corresponding to the current. U () is the

energy at the end of the process, which is zero. The energy
at the beginning of the U (—w) process is zero. The above

authors have demonstrated that,
Li_oo dtm\, (Ej-Ji)dV =0 (90)

Consider the following,

Li dtm (ﬁBi-Hi)dv
= m (“0 H;H; )V

tffoo
= L_w dtau =U(0)-U(-0) =0
Among them,

u-[,7

For the same reason as above, both U («0) and U (—x)
are 0. So we get,

.Liw dtva (gBi -H,)dv =0 (91)

H;H;)dV

For

'f::_oodtcﬁgr(Ei x H;)-AdT
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Consider that T" is a sphere with an infinite radius, and
the current J;. They are all near the center of the ball. For

magnetic quasi static conditions, the electric and magnetic
fields on a sphere are

g - L
R2
1
' R?
Ei><Hi“‘i
R4
i (EixHi).ﬁdr~i4zzR2~i—>o
r R4 R2

So there are

Jim t}ooolungr(Ei x H;)-Adl =0 (92)
The author proves that the formula (82) is the law of

conservation of energy, and he has already obtained the

formula (87-89) so that he can get the law of conservation

of energy (86), that is

% % Itj_wdtIIjV(Ei -3V =0

i=1 j=1, j=i

(93)

(93) is the law of conservation of energy. Note that the
author has shown that it is a law of conservation of energy,
not just a theorem of energy. This proof is done under
magnetic quasi-static conditions.

See (73), we have proven this energy conservation law
under the condition of transformer system. So we have
prove the energy conservation law two situations. It is
really an energy conservation law.

5. Energy Formula of Radiated
Electromagnetic Field

We have previously demonstrated that the formula (86)
is a law of conservation of energy under quasi-static
conditions. In this section we will see if we can get this
Law of conservation of energy in the case of radiating
electromagnetic fields. The radiated electromagnetic field
satisfies the Maxwell equation (57-60)

5.1. Poynting Theorem

Poynting’s theorem can be proved by Maxwell’s
equation (57-60) [13].

—@S(EXH).ﬁdr
8 (94)

ZIJIV(E«§D+H~EB+E~J)dV

This formula tells us the increment of the electric field
energy of the system.

I, 8- 5oV =25 [T, (& -oxv

So the electric field energy of the system is,
1
u =§mV (E - D)V
1
=5 Il o(Es + E0)-(Es + Eav (95)

=%mveo(Es-Es +E;-E; +2E, - Ej)dV

among them
Es=-V¢
E; = —gA
ot

In this formula we know that there is an energy term of
the induced electric field in the system.

{1l o(Ei-Enav

Even if the above energy is true under the conditions of
radiated electromagnetic fields, it does not exist under the
conditions of magnetic quasi-static, see the formula (75).
If the Maxwell equation is a more accurate physical
equation, then the energy in the above equation should
also occur under the conditions of magnetic quasi-static

(96)

because %A is not zero under the conditions of magnetic

quasi-static. In another paper, the author has discussed that
the energy of this part of the induced electric field caused
by Maxwell’s equation is completely fictitious [21], at
least under quasi-static conditions.

This indicates that the system described by the Maxwell
equation (57-60) about the radiated electromagnetic field
and the system described by the magnetic quasi-static state
(61-64) are completely two different systems. It cannot be
said that the radiated electromagnetic field system of
Maxwell equation is more accurate, and the quasi-static or
quasi-static electromagnetic field equation is inaccurate.

5.2. Failure to Prove the Law of Conservation
of Energy by Maxwell’s Equation

In the previous chapter, we have successfully
demonstrated the law of conservation of energy from the
quasi-static electromagnetic field equation. Let’s start with
the Maxwell equation and do the same. Considering the
principle of superposition (76) we have obtained that,

N N
> > §p(EixHj)-fdr

= (97)
N N P P
=> Y[, & Bi-Hj+—D;-Ej+E;-35)dv
i s Vot ot
i=1 j=1
The above formula can be written in two parts.
N N A
—Zi_ 12 _@F(EixHj)-ndr
1I=1 J=1, J#I (98)

N ) )
> (=Bj-H;+—D;-E; +E;-J;)dV
i=1j:1,j¢i”'[v oo e T
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—i@r(EixHi)-ﬁdF
i=1

\ ; ] (99)
= = B A+ bDi-Ei+Ej-J
Ejﬂv(as Hi+—Dj Ei+E J)dv

We have considered the following relationships above.
N N
ZZ()ZZ(HZ()
i=1 j=1 i=1 j=1, j#i

To prove the law of conservation of energy from the
above two formulas (86), we must prove that,

N N » P P
A t:,oodtmv (5Bi “Hj +5Di -Ej)dv =0(100)

i=1 j=1, j=i

Oo o G
| dtmv (5B Hi+—D; - Edv =0 (101)

t=—o0

N N
> Zj atdp (EixHj)-fidr =0  (102)

i=1 j=1, j=i
Itj_oodt@gr(Ei x H;)-AdT =0 (103)
Liwdtmv (Ei-Jj)dV =0 (104)

As with the quasi-static case, we can prove (100,101).
Now proven (102), here we need to assume that there
are two electromagnetic fields corresponding to i, j, one

is the retarded wave and the other is the advanced wave,
so that they do not arrive at the same time on the infinite
sphere T". The advanced wave arrives at I' at some point
in the past, and the retarded wave arrives at some point in
the future. So they are not zero at the same time on T". So
this integral is zero. The formula (102) is proved.

As for the formula (103), this is the surface integral of
the Pointing vector over the surface I", and the far field
formula of any antenna knows that its Poynting vector is
not zero. Nor can we prove (104) to be zero. So we cannot
prove the law of conservation of energy from the Maxwell
equation (86). However, we can still prove that the
formula (86) is an energy theorem. The method to prove
(86) that the energy theorem is the same as that under
quasi-static conditions, and hence it is not discussed here.

5.3. Problems of Maxwell’s Equation

The law of conservation of energy (86) is self-
explanatory and can be determined to be correct without
proof. Assuming there are N current elements, N
includes all the charges in the universe very much. This
formula (86) represents the total energy of the N current
elements in the system. If the current element J; provides

energy to the current element J;, then The energy of of
the current element J; increases while the energy of of

the current element J; decreases. So there’s always,

Joatff ;i EidV = [ atff , JiEjdv

among them,

Ifi_wdtmv,. Jj-Ejdv

is the energy of J; provided by J; current element.

a5 e

is the energy of J; provided by J; current element. So
there’s always something for both,

jti_wdtjjvjaj-Eidw toi_wdtjjviji.EjdV 0
Or,
ZZ: Li_wdtﬂjijj-EidV iy

=1 j=1, j<i +L°j dt”V_Ji'EjdV
=—00 1

Can be extended from 2 to N

Iti_mdtfjjvj ‘]J' -Ejdv

i<+ dfff, 3 Ejav
=0 i

™M=
Il

'L

That is,

% (j°° dtm J;-Edv)=0

j=1, j#i

MZ

I
LN

Now Maxwell’s equation can’t prove this apparent law
of conservation of energy. The problem with Maxwell’s
equation is well understood. Although Maxwell’s equation
can deduce the solution of the electromagnetic wave and it
has been experimentally proven by Hertz, this does not
mean that Maxwell’s electromagnetic theory is perfect. A
philosopher once pointed out that all laws of physics are
wrong, but there are a few fewer errors. It’s not surprising
that Maxwell’s electromagnetic theory is wrong.
Maxwell’s theory of electromagnetism does not correctly
explain the problem of photon and wave-particle duality,
which is really due to this error.

5.4. Correction of Maxwell’s Electromagnetic
Theory by the Author

To correct the error in Maxwell’s electromagnetic
theory, the author first gives a new law, or axiom, of the
electromagnetic field. That is, electromagnetic radiation
must not spill over the universe. The mathematical
expression of this Law is,

lim [ dtSEJSF(ExH).ﬁdr:o (105)

Rt
I is a sphere with an infinite radius R . This law is also
self-evident, in fact, nothing should spill out of the
universe, including electromagnetic waves. It is not
allowed for electromagnetic waves to overflow the
universe. This problem exists in classical electromagnetic
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theory. But people don’t seem to care. When Maxwell
proposed his theory, he particularly emphasized that it was
ether theoretical. Therefore, the nature of electromagnetic
wave propagation is the same as that of sound wave in the
medium. Sound waves travel through the medium,
regardless of whether they will overflow the universe. So
it seems that electromagnetic waves don’t have to take this
into account either. As the electromagnetic wave
propagates, the energy density of the electromagnetic
wave decreases and eventually disappears automatically.
But this viewpoint cannot be accepted in quantum
mechanics because although the energy density of waves
decreases, the energy passing through a sphere with a
radius of R remains constant. Therefore, the collapse of
waves is considered in quantum  mechanics.
Electromagnetic waves emitted from a light source
collapse onto an absorber charge that forms a photon.
According to the explanation of wave collapse in quantum
mechanics, electromagnetic waves do not really spill out
of the universe. So when it comes to quantum mechanics,
this problem is avoided. There is no concept of wave
collapse in classical electromagnetic field theory, so
electromagnetic waves for classical electromagnetic
theory will overflow the universe. The authors believe that
it is an error in classical electromagnetic theory that
electromagnetic waves can overflow the universe. As for
the collapse of waves in quantum mechanics, the author
proposed the concept of reverse collapse. Reverse collapse
is accomplished by time reversal waves, and the authors
find that the process of mutual energy flow, coupled with
the reverse collapse of waves, is equivalent to that of wave
collapse. So the author complements the classical
electromagnetic theory with the concept of backward (or
reverse) collapse of waves [15].

For an interpretation of quantum mechanics, it is
understandable to suggest time reversal waves and reverse
collapse. But few people believe in adding a new time
reversal wave to classical electromagnetic theory.
Recently (2021-2022) authors began to consider another
scheme, which is that electromagnetic waves are reactive
power. If the electric field and the magnetic field of an
electromagnetic wave are kept in 90 degree phase
difference, the Pointing vector of such an electromagnetic
wave is a pure imaginary number and therefore reactive
power. We know that electromagnetic waves have active
power according to the solution of Maxwell’s equation.
The electric field and magnetic field of the
electromagnetic wave solved according to Maxwell’s
equation keep the same phase. The author slowly figured
out that there are someting went wrong in the Maxwell’s
electromagnetic field theory.

Therefore, the author proposes this new axiom to make
a preliminary revision to Maxwell’s classical
electromagnetic theory. Assume that T" surrounds all
current J . The radius of T" is R..

N
J=>3
i=1

J; Within volume V, the surface T" is the boundary of

volume V . Assume that there are no current elements
outside I' . E, H is an electromagnetic field produced

by the current element J . Considering the superposition
principle,

(106)

According to this superposition principle and the
author’s new axiom (105),

N N
m [ diff O EixHj)-Adr=o0 (107

li
t=—
R—o0 =720 i=1 j=1

The above formula can be replaced by the following
two formulas.

" N N
lim [~ dt§h > > (EixHj)-fdr=0 (108)
R—o07t=720 i=1 j=L j=i

N
. © ~
Jim L dtdp. (iz_i EixH;)-AdC =0  (109)

The formula (108) indicates whether the mutual energy
flow can overflow the universe. The formula (109)
indicates whether the self-energy flow can overflow the
universe. We know that nothing can spill out of the
universe, requiring self-energy flow and mutual-energy
flow not to spill out of the universe is obviously correct.
Therefore, the law that radiation does not overflow the
universe further requires that neither self- nor mutual
energy flows overflow the universe. These two formulas
can be seen as two theorems.

Mutual energy does not spill over into the universe, as
we have known before, when the electromagnetic waves
in the mutual energy flow are retarded waves, advanced
waves. retarded waves and advanced waves, which reach
the sphere T" at some point in the past and one at some
point in the future. So the two waves do not reach the big
sphere T" at the same time. So they are not zero at the
same time. Therefore the mutual energy flow must be zero
on T'". If both quantities in the mutual energy flow are
retarded or advanced, they can be combined to form an
electromagnetic wave, which can then make use of the
formula (109) that the self-energy flow does not overflow
the universe.

This contradicts the Maxwell equation’s conclusion that
self-energy flows do not overflow the universe. The
author believes that Maxwell’s theory is wrong or wrong
in this place. In addition, the Poynting’s theorem of the
urrent element Jj is,

—@F(EixHi)-ﬁdr

=m\/(§Bi “H; +§Di-Ei +E;-J3;)dv

We have already proven that,

Liwdtmv (%Bi H; +§Di ‘E;)=0

The law that the flow of self-energy does not overflow
the universe tells us,

Liwdt@r(Ei X Hi)-ﬁdr =0
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So we have,

J‘Z—oodtj‘.'-jv (Ej-Jj)dVv =0

In fact, this formula can also be directly proven, so that
we can omit the subscript (i). First the body current is
converted to the line current, so there is,

[° at[f, (E-2av = w][[, (E-3"av

(110)

The symbol “ = ” indicates permutation to the
frequency domain. “ R ” means taking a real number.
Consider

E--2A—_joA
ot

J._U Jav

When it comes to radiating electromagnetic fields,
retarded and advanced effects should be considered, so
there are,

Al = Zl—;m\/ exp(—jkr)JdTV
A® :Z‘—; JIf, e+ jkr)‘]dTV

Merge together,

:Zl—;m\/exp(ijkr)m—v
m (E-37)dv
m m exp(+Jkr) 2dV1dV2

Jqi -
——Jw—z Z exp( jkr; ) — JAV1| "AVaj
—1]—1 j#i rlj

For the above formula, consider if J;; towards J;;

emits a retarded wave, J,; will towards J;; emits an
advanced wave so that the two effects can be
synchronized, and therefore,

iy P P
exp(F jkrj) ———2)

corresponding to,

Jgi exp(—jkhj) - Iz

fj

Iy exp(+ jkrj) - I

fij
we can replace the following,

Jii - Jos
exp(F jkryj) ———2)

as
Jo:
li VY2 . .
——H(exp(- Jikry ) + exp(+ k)
ij
2Jss
=L 2% exp(~ ki)
fj
hence,

1 2
Z Z xp(F JK ) —— LAVG - AV

i=1 j=1, j=i ]
N Jii - Jdo

- Z Z Z‘Rexp(—jkrij) -2 AVli AVZJ
i=1 j=1, j<i ij

The above formula is a real number, so
i, € 3"
is a pure imaginary number. In this way,
snmv (E-37)dV =0

In switching back from the frequency domain to the
time domain, there are

J‘Z—oo dt”,l.v (E-J)dV =0

It is worth noting that in the above proof, we consider
not only the retarded wave but also the advanced wave,
but also a synchronization relationship if the current Jy;

toword J,; produce a retarded effect, then there must be

Jj toword Jy; produces a advnaced effect. This is also

the result of the author’s electromagnetic theory. If only
the retarded effect is considered according to Maxwell’s
classical electromagnetic theory, the above conclusion
cannot be reached.

After considering the above three equations
(108,109,110), we can prove the law of conservation of
energy (86). It is worth noting, however, that we have now
corrected the Maxwell equation. In particular, corrections
have been made to the magnetic field derived from
Maxwell’s equation. (109,110) is impossible to satisfy the
Maxwell equation. The time integral for the formula (98)
is obtained by substituting (100) for (98).

_% i Itj_

wdtsf;‘}r(Ei xH;)-Adl
i=1 j=1, j=i

(111)

=

dtm (Ei-Jj)av

Magnetic field H j in the formula above can be either a

magnetic field derived from Maxwell’s equation or a
magnetic field defined by the author’s law of radiation not
overflowing the universe. The area integral on the left side
of the above formular is generally not zero, only if the
surface T" is infinite and all the current elements are
surrounded by it. The author calls the above formula a
relaxed mutual energy principle. Note that the author
refers to the formula (98) as the mutual energy principle.
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Relaxation is caused by the time integral in the formula
above. Because of this time integral, the electromagnetic
field in this formula has obtained one more degree of
freedom, hence, either from the Maxwell equation or from
a new electromagnetic field defined by the author
according to the law that radiated energy does not
overflow the universe are all Ok for (111).

If the electromagnetic field defined by the author does
not radiate out of the universe, the law of conservation of
energy can be deduced from the relaxed mutual energy
principle.

> 3 [l apev-0 i)
i=1 j=1, j=i
Hence there is,
_ ::_oodtmw (Ej-J;)dV
=(&.%) (113)

J7 ], (63w

where,

(&)=, dfp (EixHj+EjxH;)-Adr (114)

The magnetic field in the three formulas above can be
calculated according to Maxwell’s equation, so the three
formulas above are the theorems of mutual energy and
mutual energy flow.

If the above magnetic field is the one calculated by the
author’s method, i.e. (109), then the formula (112) is the
law of conservation of energy.

The formula (113, 114) states that the formula (112) is
a localized law of conservation of energy. Localization
here is because these energies can be accomplished

through mutual energy flows. The magnetic field defined
by the author’s method ensures that the electric field
and the magnetic field correspond specifically to the far
field and maintain a 90 degree phase difference. The
electromagnetic waves that maintain a 90 degree phase
difference are reactive power electromagnetic waves. This
wave does not convey energy on average because it
conveys energy forward and backward. So the average
energy transferred is zero.

Although this wave averages no energy transfer, energy
can be transmitted by mutual energy flow, which is
composed of retarded waves from the source and advance
waves from the sink. The formula (114) is an expression
of mutual energy flow. For this mutual energy flow
theorem the author will no longer proves it, because he
has given it several times before [15]. In this chapter, we
may be confused about the magnetic field defined by the
author because it is all formula derivation and it is too
abstract. However, it will be clearer when we wait for the
following specific examples.

6. Emission and Reception of
Electromagnetic Wave

6.1. Retarded Radiation of Infinite Flat
Current

Assume that the flat current is, see Figure 1

J =6(x)Jgexp(jat)Z

The magnetic field produced by this current follows the
ampere circuital law in Maxwell’s equation

gSH-dl:l

Figure 1. Retarded electromagnetic field of infinite flat current
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Obtain,

1 A
EJO exp(—jkx)y x>0
%JO exp(+ (=) x<0

In accordance with Maxwell’s equation, the current is
zero when x = 0 is considered, hence,

VxH =260E
ot
Consider x>0,
—jkKXxH = joegE
K eyH-E
CL)GO

Consider,

k= o\leg g

_ [HogxH =E
&

E =-noXxH =~y %Jo exp(— jkx)
where

Ho
]

o=
For electric fields, the same method can be used to
prove that the above formula also holds true for x<0. So
you have x>0.
* a 1 . 1 . ALK
S=ExH =(-Ing E‘]O exp(— jkx)) x (EJO exp(—jkx)y)
Mo *o
=—1JpJpX
4 0%0
It can also be proven for x <0, there is,
5 =" 305(-%)
4
We can calculate,
* .1 . Ak 1 *
E(x=0)3" = (2 Jo exp(-1k0) - (32" = =710 > Jodo
So we verify that,
—E(x=0)-J" =5(x>0)-K+S(x < 0)-(-X)

The above two formulas verifies Poynting’s theorem,

—jﬂE-J*dvzcgsrs-ﬁdr

In this example, it seems normal. The green arrow in
Figure 1 gives the direction of the Poynting energy flow.

The radiation of an infinite current cﬁ')l_ S-AdI" is equal to

the output power of the flat current —IIE~J*dV .

However, the author does not think the above is all right,
because the author believes that both transmission and
reception must be considered instead only consider the
transmission.

6.2. Advanced-wave Radiation of Infinite Flat
Current
Assume that the flat current is still,
J =5(x)Jgexp(jot)i

Based on Maxwell’s electromagnetic theory, the
advanced wave of the magnetic field is obtained.

%JO exp(+ jkx)y x>0
%JO exp(— k(=) x<0

In accordance with Maxwell’s equation, the current is
zero when x = 0 is considered, hence,

VXH :gﬁoE
ot
jkxH = joocE

E = 770),€>< H= 2770 %\]0 eXp(+ij)
In the author’s electromagnetic theory, the advance

wave is physically objective. The effect of the advance
wave is to absorb the energy of the electromagnetic wave.

*

S=ExH

. 1 . 1 ok
= (Zng EJO exp(+ jkx)) x (E Jo exp(+ jkx)y)
~ 1 . 1 A
(zng EJO exp(+ jkx)) x (E Jg exp(+jkx)y) x>0
~ 1 . 1 . K
(zmo EJO exp(— jkx)) x (5 Joexp(-jkx)(-y)) x<0
x>0

o *g
——=JpJpX
4 00

x<0

%OJOJE;)?

We can calculate,
E(x=0)-3" = (210 2-Jo &xp(JKO) - (302)” =5 0%
The previous formula validates Poynting’s theorem,
—E(x=0)-J" =S(x>0)-%+S(x <0)-(—X)

The above two formulas verifies Poynting’s theorem,

~[[[E-9"av =<g>rs-ﬁdr

This indicates that this plate absorbs the energy flow, as
shown in Figure 2. The green arrows indicate the direction
of the Poynting energy flow. Next let’s consider the case
of two current plates. One transmits, one receives.
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Figure 2. Advanced-wave radiation of electromagnetic field of infinite flat current

6.3. Radiation of Dual Infinite Plate Current

Figure 3. retarded electromagnetic field of infinite flat current

Assuming that current 1isat x=0,
H :EJ exp(-jkx)y x>0
31 =5(x) g0 exp(jort)? 1=

It emits retarded waves, so it has, 1 . a
E1=m 5310 exp(-jkx)(=2) x>0
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For convenience, suppose the second current plate is at
position x =+L and the current is,

35 = 5(x)30 exp(jot)(-2)
In the formula above, we consider the current J, . The
direction of is (-Z) . It’s just for convenience, and
eventually we’ll have to decide J,q, the phase of Joq

will also adjusts the true direction of the current J, . The

second plate should emit an advanced wave, so there is,
1 . "
H, :EJZO exp(+jk | x=L])y x<L

According to Maxwell’s electromagnetic
electric and magnetic fields have the same phase,

theory,

~ 1 .
E, =(=2)mg 5320 exp(+jk|x-L[)  x<L
The above formula can be written as,

H2=%J20exp(—jk(x—L))§/ X< L

R 1 .
Ey =(-Dng 5320 exp(-jk(x-L)) x<L

Consider that load resistance R, of Loop 2 is relatively
large, so the impedance Z, = jolL, + R, is close to the
resistance value Z, =R, ~1.

&1 B (-2) 1 .
Iy =2 - ELT8 2 3 exp(- kL
2= Ry M0~ 10 p(-jkL)
1 .
Joo ~ 12 ~§‘]10 exp(— jkL)
Hence,

1,1 : : .
Ha == 0102 Jio exp(-JkL) exp(- jk(x-L))y x<L

” 1 1 . .
Ey ~ (=Dno 5(770 2 Jio exp(—jkL)) exp(- jk(x—L))
x<L

Or,

H, ~%OJ10 exp(—jkx)§  x<L

E, ~ (—f)ého exp(-jkx)  x<L
Intherange O0<x<L,
Sm = E;xHj + E3x Hy
~ (205 J10 Xp( 1) x (22 330 exp( ) 9)

2
+((—f)7770 330 €xp(= k) x (% J10 €xp(=jkx)Y)

15 * A
=470 JioJdoX

We see that this mutual energy current is from the first
current plate to the second one, which is correct. The
problem, however, is that there are still two boards with
their own energy flows for this system.

* M0y %
S11=Ey1xH; ZTJloJloX

This energy flow is coming from the right side of the
first board.

* 77 * ~
Sy =EpxHy =70320320(X)

Above is the energy the second panel receives from the
left side of the second panel. We see that this is incorrect.
If energy is transmitted by mutual energy flow, then the
energy flow transmitted by self-energy flow is redundant.
If the energy is transmitted by the self-energy flow, then
the mutual energy flow is redundant. Both mutual- and
self-energy flows transfer energy, which ultimately leads
to more energy being transferred. This is not trustworthy.

6.4. Calculating the Radiation of a
Double-infinite Plate Current According
to the Electric And Magnetic Fields
Defined by the Author

It can be seen from the above that if a double current
plate is considered, then the self-energy flow is redundant.
According to the author’s method, radiation does not
overflow the universe, so the electric field and the magnetic
field produced by the plane current should have a phase
difference of 90 degrees. Therefore, the author assumes
that the electromagnetic field of a single current plate is,

H :%Jo exp(-jkx)y x>0

E= —1'2770%30 exp(—jkx) x>0

Note that the electric and magnetic fields in this section
should have been superscripted "new" , but the formula
becomes too complex with the superscript. Therefore, it is
still omitted. However, it is important to understand that
the electric and magnetic fields are not calculated as
defined by the Maxwell equation. It is calculated as
defined by the author. The phase factor (—j) above refers

to the quasi-static electromagnetic field condition obtained,
E=-joA~-]jlol

For retarded waves of x <0,

H :—%JO exp(+jkx)y  x<0
.1 .
E :—127705‘]0 exp(+ jkx) x<0
the advanced wave of (x > 0) is,
1 SN
H :EJO exp(+jkx)y x>0
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E =-jin, %JO exp(+jkx) x>0
the advanced wave of (x <0) is,

H= —%JO exp(—jkx)y  x<0

E =-jin, %JO exp(—jkx)  x<0

For electromagnetic waves defined by the authors
above, they are reactive power waves, which do not
transfer energy themselves. Or the average energy flow
they transmit is 0. For such waves, only the mutual energy
flow will have an impact. For self-energy flows, since
they do not convey energy anyway, they can be ignored.
We assume that a current can generate both a retarded
wave and a advanced wave at the same time. But some of
them can be ignored.

Assume that the first plate produces electromagnetic
waves and the second plate receives them. It is assumed
that there is a second current plate on the right side of the
first current plate. Therefore, for the right side of the two
plates, the retarded wave is taken. On the left side, the
advanced wave is taken.

%‘]10 exp(— jkx)y x>0
Hi=1%
- Jig exp(- jkx) x<0
. 1 .
By =-1JZmg 5310 exp(- jkx)
1 . ~
—5320 exp(—jk(x—L))y x> L
Hp =1,
EJzo exp(-jk(x-L))y  x<L

.1 .
By =—]jin 5320 exp(—jk(x—L))

For convenience, consider J, . The direction of is also
in the direction of Z,

1 & 1 ;
Jo0 =~ E(x=L)-(-2) = } 5 10 eXp(= JkL)

o
therefore,
1,.1 . . n

_5(15310 exp(—jkL)) exp(—jk(x— L))y

X>L
Ha=11 1

5(15310 exp(— jkL)) exp(-jk(x— L))y

X< L

L1 .1 . )
Ey =—]jing 5(—JEJ10 exp(—JkL)) exp(— jk(x—L))

Or,

1,. . “
—Z(JJlo)exp(—ka)y x>L

H, =

1. . o On
Z(JJlo)eXp(—JkX)y x<L

.1, i -
Ex =-imo Z(JJlo)eXp(—JkX)(—Z)
This has avalue of 0 <x< L
Sm 2812+821:E1XH;+E;XH1
.1 . o
=(Jmo 5310 exp(— jkx)(=2))
1. . LAk
x (Z (1310) exp(=jkx)y)
A . A
+(—J770Z(JJlo)eXD(—JkX)(—Z))
1 A
x (5 J10 exp(-jkx)y)
.1 1. . *
= (im0 = I10) (= (jJ
((J77o2 10)(4(1 10))
A =1 n
+(=Jmo Z(JJlo)) (5310))0()

= S dio (D) + (1) )R

~ X
hence,
Sy ~ X O<x<L
Further available,
0 x<0
Spm~ %41 O0<x<L
0 L<x

The above formula takes into account that the magnetic
field just turns around when it crosses the current plate. So
the superposition of S;, and S,; becomes cancellation.

So outside the two current plates, mixed Poynting vector
corresponding to mutual energy flow is exactly zero. From
above it can be seen that the mutual energy flow or mixed
Pointing vector is generated on the first current plate and
annihilated on the second one.

We see that in the inner brackets of the above formula,

(D) +EiH M~1
This is a golden structure for receiving electromagnetic
waves. This structure was discovered by the author when
studying the transformer. The energy flow from the
primary coil to the secondary coil of the transformer will
appear this structure [24]. According to this structure, the
electromagnetic fields of the transformer are synchronized.

Now electromagnetic waves are synchronized according
to this structure. This synchronization is performed by,

E ~j(-2)
Hp ~ (9)
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Ey ~—ii(-2)
Hy ~1(Y)
It can be seen that the electromagnetic waves of two
plate currents are exactly synchronized. In this

synchronization case, all self-energy flows have a phase
difference of 90 degrees, and hence,

Sy = EyxH;
oA 1 .
=(i(=2)ny 5310 exp(— jkx))
1 L ax
X (E Jio exp(— jkx)y)
~ ]
822 = Ez X H;
1. . ~
=(=Jmo Z(JJlo)eXp(—JkX)(—Z))
1. o
x (Z(JJlo)eXP(— jkx)y)

i
Description of self-energy flow S;;, Sy, is a pure

imaginary number, so it is a reactive power wave and does
not transfer energy in time average. Energy is transmitted
by mutual energy flow.

Please note that the electromagnetic field in this section
should be marked with the subscript " new" . However, it
is omitted for convenience. But this subscript should be
kept in mind.

6.5. Antenna Reception of Electromagnetic
Wave

Now we will discuss the reception of electromagnetic
waves by the receiving antenna.

It is assumed that there are plane electromagnetic waves
in space, see Figure 4. Let’s study how the antenna can

receive this electromagnetic wave. It is assumed that the
electromagnetic wave is,

& =[E, Hyl'

The electric and magnetic fields are first calculated
according to Maxwell’s equations, so the electric and
magnetic fields are in phase.

(115)

Elz—gAl—wﬁl (116)

For planar electromagnetic waves, it can be seen that
only A; Generated. Namely

Vg =0

Consider
Ay = Ay exp(- jkx)Z
By = oA = johg exp(- jk)(-2)
B, =5(-2)
In the above formula, we assume that E; The direction
of is —Z where
Ey(x=1) = joAg exp(-jkx) ~ jexp(- jkl)

x =1 is the position of the receiving antenna. According
to Maxwell’s equation

Hy =iE1
o

Considering that the above electromagnetic fields are
defined according to Maxwell’s electromagnetic theory,
we specially subscript them,

Eqmaxwen (X =1) ~ jexp(=jkI)(-2)
Himaxwel = Hlmaxwelly

1. . o
=;;—Jwﬁ&oeXp(—JkX)y-Jexp(—JkX)y
0

¥

R

E2

[
|

Figure 4. Consider a straight wire antenna that receives electromagnetic waves. The antenna is connected to a load resistor and is placed under the

irradiation of electromagnetic waves
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We know that the current at the receiving antenna is,

b
p=—2t (117)
JCOLZ + RZ
among them,
&= jcz E,-dl (118)

Is the inductive electromotive force, jol, +R, is the
impedance of the antenna circuit. Where L, is the
receiving antenna circuit inductance, R, is its load

resistance. For the receiving antenna, because it is very
close to the antenna, near the antenna, the main body of
the electromagnetic and magnetic fields is the quasi-static
electromagnetic field. The radiated electromagnetic field
is negligible.

. . Mo 1
E, =—joA, =—jo2 [ =dl
2 ="JoR Jw4ﬂjczr 2
. Mo 1 a
=—jo—|_ =dI(-2)I
Ja)4ﬂ-[02r (=2)1

In the formula above we assume the current I,. The
direction of is —Z, so there is dl = —dIZ .

Ep =E(-2)
consider,

= joAyo exp(=jkl) ~ jexp(-jkl)
Notice the above formula the current I, direction and
electric filed E; are the same direction (-2),

. M 1 A
E, =—jo—|_ =dll,(-2
2=-jo [ Zdlla(-2)
~—il2(=2) ~ (=))(j exp(-jkI)(-2))
We have assumed the receiving antenna is in the place,

x=1

According to the quasi-static electromagnetic field
theory, the magnetic field and the current have the same
phase.

Ha ~ 159 ~ jexp(-jkI)y
Consider the mutal energy flow theorem [15],
¢p. Sm-fidr
= Sq)r(Elmaxell x H; + E; * Himaywen ) -AdT
=[] (- 32)0v

Among them,

Sm = Etmaxwenr X H; + E; X Himaxwell

= (jexp(— jKI)(~2))x (j exp(~ jkI)9)”

+((— )i exp(= jKI)(=2)))" x (j exp(- jkx) )

~ () + =i ()R

=1+ j)X

We see that the second term of the above formula is

imaginary, so the second term is reactive power and does
not transfer energy, which is not what we expected. We
expect it to be real. This indicates that Maxwell’s
definition of the magnetic field of electromagnetic waves

is questionable. So we need to calibrate the electric and
magnetic fields defined by Maxwell, that is, redefine them.

A
Etnew = Eimaxwell

A -
Hlnew =-] Hlmaxwell

This way,
Sm = Etnew X H2 + Bz X Hipey
~ Exmaxwell X H2 + E2 % (= 1) Himaxwell
~ (D) + (1) )%~ %
According to the newly defined electromagnetic field of
the electromagnetic wave, the receiving antenna can also

receive the electromagnetic wave perfectly when it is a
quasi-static field. Because we once encountered the

golden structure (j)(j)* +(- jj)* of electromagnetic wave

propagation. So our newly defined magnetic field is the
correct one. The magnetic field defined by Maxwell’s
electromagnetic theory is incorrect.

7. Definition and Measurement of
Magnetic Field

This chapter considers the measurement and definition
of magnetic fields. First, the measurement of the quasi-
static electric field is considered, then the measurement of
the magnetic field of the electromagnetic wave is
considered.

7.1. Testing of Magnetostatic
Magnetic Field (1)

For the test of the magnetic field of a quasi-static field,
the direction of the magnetic field is assumed to be ¥ .
The magnetic field is alternating current and uniform, that
is,

H =HyYexp(jot) (119)

Our goal is to measure the size of Hg. Only in vacuum,
so By = ugHg . The direction of the magnetic field is
known to be § . The easiest thing to think of is using coils
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to consider a small square coil, as shown in Figure 5. The
area of the coil is S . Suppose the coil has only one circle,
a square shape, and an L side. We can use the following
Faraday’s Law relations.

soégSCE-m:—%gﬁjSB-ﬁdr

£ is the meaning of the definition. & is an inductive

EMF measured on a closed circuit. Rewrite the above
style to,

&o = —jougH S (120)
Or,
H-A= 5‘? (121)
—Hp J&S

E

Figure 5. Suppose the magnetic field points to the § axis. The magnetic
field is measured with a square ring measuring coil with an L-side length

We have assumed that the coil is square and the side

length is L, so S = L2, the direction of the coil is A=,
in which case we measure that,

H-A=(Hgyexp(jot))-§=Hyexp(jot) (122)
Therefore,
. A &
Hoexp(Ja)t): Hn=——— (123)
~Ju@S
Ho=—— io :
— g joL* exp(jot)

If we measure the EMF &, we know the magnetic
field Hy. There is a time factor exp(jwt) in the upper

denominator. This factor will end up with the measured
& - The same time factor in is eliminated. The above

formula can be rewriten as
&o

— (124)
—Hp joL

Ho =

The phase of the magnetic field and the electromotive

potential is determined by the following formula.
& ~—iHo (125)

Ho ~ i (126)

7.2. Testing of Magnetostatic
Magnetic Field (2)

The magnetic field is consistent with the previous
section. That is (119).

Figure 6. Measure the magnetic field by considering an electric dipole
antenna or a current element

To test with a small current element, which is four
times as long as one side of the first four square coils.
Considering that in this case we know that the four sides
contribute the same to the EMF, we have,

fo=&
As with the meet formula (124),
Ho =25—L (127)
— joL® exp(jwt)

Obviously, there is no difference between the two
measurement methods in the above case. The phase
difference between the magnetic field and the measured
electromotive potential is j.

& ~-JHg (128)

HO -~ JEL (129)
Thus, for a quasi-static magnetic field, the phase of the
magnetic field can be exactly the same by both
measurements. Therefore, the two methods for measuring
magnetic fields are identical. That is, (124, 127), the
measurements for the two methods in magnetic quasi-
static electromagnetic field situation are exactly the same.
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7.3. Measurements of Magnetic Field of or
Radiation Field (1) o =~ jmugH,S
Now look at the electromagnetic wave. Suppose an <
infinite planar current produces an electromagnetic field Hy =— o (132)
of a planar wave that we want to measure. From the — oS

previous discussion, it is known that electromagnetic i arefore
waves and quasi-static electromagnetic fields are two '

completely different electromagnetic fields, and their E = Eg(-2)exp(jot - jkx) (133)

definitions of magnetic fields need not be exactly the same.

Assuming the electromagnetic wave is, Eo =1 +82+E3+50=E1+E5  (134)
E = Ep(-2)exp(joot — jkx) (130)

50'1 = E(X = —L) LZ
We already know that the electric field of the 2
electromagnetic wave is in the —Z direction, so the :EO(_f)eXp(ja)t_jk(_L)),Lz‘ (135)
direction of the magnetic field should be in the § axis. 2

H = Hoyexp(jot — jk) (131) =—Egexp(jot + jk%)L
The phase of H, is what we want to measure. Consider L R
Faraday law, &3 =E(x= E) -L(-2)
vxE=-Cp ~EoC-Dexp(jot- k)LD (130
or =Eqexp(jot — jk%)L
VxE=-joB It is clear there is,
or &2+80=0

£ =—jwB,S

produce plane wave

Figure 7. The magnetic field points to the y-axis. Square ring measuring coil. Magnetic field receiving electromagnetic wave (retarded electromagnetic
field)
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Hence,

o =&1+E3

:—Eoexp(ja)t+jk%)L
L
+ Eq exp(jot - jkE)L
. L L
=—EoLexp(Jwt)(exp(JkE—exp(—Jkg))
— —EgLexp(ja)2 ] — (exp( k= exp(~ jk5)
0 2j 2 2

= —j2E0Lexp(ja)t)sin(k%)

& = —j2EOLsin(k%) exp(jot) (137)

& denotes an inductive electromotive force that is a
radiated electromagnetic field on a closed loop O.

&o
—joupS

y=

—j2E,Lsin(k 5y exp( jot)
- 2 (138)
—joupS

2E, Lsin(k %) exp(jot)

WUy S

produce plane wave

A
/

Eo is the electric field strength of the electromagnetic
wave. H, is the measured magentic field of this method.

Hy ~ Eo (139)

This method tell us the measured magnetic field has the
same phase as the electric field E,.

7.4. Magnetic Field Testing for Retarded
Fields (2)
Now consider using only one current element or electric
dipole antenna to measure the magnetic field of

electromagnetic waves. The current element is placed at
the position of x =0, see Figure 8,

5L :480’1 = E(XZO)4L2

= Eq(-2)exp(jot - jk(0))-4LZ (140)
=—Eyexp(jaot)4L
Therefore,
5L = 450’1 = _EO 4L exp( ja)t)
_ &
Y —jouS
. (141)
_ & K exp(jot)4L
@S WS

m—

Figure 8. Consider using a current element or an electric dipole antenna to measure the magnetic field of electromagnetic waves
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At this time, it was found that if a wire was used to
measure the magnetic field in a retarded electromagnetic
wave, the measured magnetic field (141) and the results
(129) under magnetic quasi static state unchanged!

According to Maxwell’s classical electromagnetic field
theory, the magnetic field is defined as,

1

B=———¢_ E-dl (142)
—J[()S C

Therefore, if we take a loop to measure the magnetic
field, the above formula holds true for both magnetic quasi
static and retarded fields. We can obtain the above
magnetic field from the loop measurement, which is
defined by Maxwell’s electromagnetic theory. The
question is, is this definition reasonable? For magnetic
quasi static fields, this definition is reasonable and has no
problems. The question is, is the definition of the
magnetic field of electromagnetic waves, or retarded
waves, still reasonable? The author doesn’t think so. He
feels that using a short current element antenna to measure
magnetic fields may be a more correct method. Therefore,
the author needs to redefine a magnetic field and compare
it with the definition of magnetic field in Maxwell’s
theory to see if the author’s new definition of magnetic
field is more appropriate.

7.5. A New Definition of Electromagnetic
Wave Magnetic Field

Suppose there is an electromagnetic wave whose
magnetic vector potential is known,

A= Ayexp(jot —kx)Z (143)
According to Maxwell’s electromagnetic theory,
A1
Hmaxwell =—Vx A (144)
Ho

To distinguish it from the new electromagnetic field
theory defined in the next step, we use Hpawel
represents the magnetic field of an electromagnetic wave
defined by Maxwell. Because this magnetic field is
calculated according to Maxwell’s electromagnetic theory.
The author does not believe that the definition of this
magnetic field is reasonable. The above equation can be
written as,

1 ...
H maxwell = —— JkKXx A
Ho
=—ijk§<x(A0 exp(jot —kx)2)
’io (145)
=—— Jk(Ay exp( jot —kx)(-Y)
Ho

1 . .
= J—kAy exp(jot —kx)y
Ho

Assume that the magnetic field amplitude of the
electromagnetic wave is Hy. So the Maxwell magnetic

field can be written as,

Hmaxwell = JHo exp(jot —kx)y (146)
Among them,
Ho = — kA (147)
Ho
The author defines a new magnetic field,
|"new £ _meaxweII
=—j(JHp exp(jot —kx)y) (148)

= Hg exp(jot —kx)y

Therefore, the author uses Maxwell’s magnetic field
H maxwen Multiplied by (—j) to define the new magnetic

field.

7.6. New Definitions for All Magnetic Fields

Assuming that in general, the magnetic vector is,
A= Z—ijﬂv %J exp(-k-r)dv
Braxwell =V x A
=V XZ_:;IHV %exp(—k -r)Jdv
-2, V(%exp(—k 1) x JdV
:Z_;Osz (_riz— jkf%)exp(—k-r)deV
:Z‘_;mv J x f(riz+¥) exp(—k - r)dV
The author defines a new magnetic field,
Bey 2 Z_;mv JIx f(ri2+(—j)j—rk)exp(—k -r)dv
:Z‘_va Jx f(riz+$) exp(-k - r)dv

As can be seen from the above, when defining By,
we have added a factor (—j) to the electromagnetic wave
term. If we assume that the propagation direction of the
electromagnetic wave is X and the direction of the current
is Z,

\] = Joz
f=X

Brow =2 [[[, J02x 45 + (- )2 exp(-koqav

new =, v 0 r2 r

_Ho oL Ky exp(e

= 11, Joy(r2 +)exp(-logdv

The direction of magnetic field is §. In this way, the
electromagnetic wave term and the static magnetic field

term of the newly defined magnetic field maintain the
same initial phase.
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7.7. Relationship between the Newly Defined
Magnetic Field and the Magnetic Field
Measurement Method Defined
by the Author

Assuming that the magnetic vector potential of an

electromagnetic wave is,
A= Ajexp(jot —kx)Z (149)

Therefore, the electric field of the electromagnetic wave is,

E =—jwA= joAexp(jot—kx)(-2) (150)
Consider,
1
Ho =—k&, (151)
Ho
1
A “ toHo (152)
Hence,
1 . a
E= Jw(EﬂoHo)eXP(Ja)t—kX)(—Z)
. 1 . ~
= jo( HoHo) exp(jot —kx)(-2)
4/ Hoo (153)

- i( J:To sioHo) exp( jeot — kx)(~2)

= jmoHo exp(jat —kx)(-2)
If a straight wire electric dipole antenna is used to
measure the electromotive force,

& =4E - (L2)
=4jnoHo exp(jot —kx)(-2)-(L2)
=—4jnoHgexp(jot —kx)L

(154)

We use Faraday’s law in Maxwell’s equation for the
measurement of electromagnetic waves, but & is replace

with & , that is,

s 1 A~ 1
= —— &> BE—
—joS © new —joS

In this way, we can measure the magnetic field of
electromagnetic waves using the following methods,

1
measure new —ja)S L

B &

maxwell

B

Breasure 1S @ method defined by the author to measure
magnetic fields, which allows us to measure electromagnetic
waves using a straight line instead of a ring coil.
—4 jnoHg exp( jot —kx)L
—joS

_ AnoHo exp(jot —kx)L
- 2

ol (155)
_ AnoHo exp(jot —kx)

ol

4noHg exp(jat —kx)
- Imoeliot ) o

B

measure —

Hmeasure =—B
Ho

47]0 H 0 eXp( ja)t — kX) €
= VHoco —
Ho

K (156)
_ 4Hg exp(jot —kx)
- kL
. 44
=Hjex t — kx) ——
0 exp(jow )27”_
If we choose
A (157)
2L
that is,
L= (159)
2
Hmeasure = Ho eXp( jat —kx) (159)

Where x tends to take a fixed value such as x =0, so,
Humeasure = Ho exp(jat)
If we measure the electric field,
Emeasure = — @A = joAy exp(jot —kx)(-2)

- jot:: poHo)exp(jot ~k)(-2)

= joo( ! toHo) exp(jot —kx)(~2) (160)
NI
= j(moHo) exp(jot —kx)(-2)
= j(moHo) exp(jat)(-2)
In which,
A = % 1oHo (161)

The measured electric field and magnetic field maintain
the phase difference j. The comparison formulas (160)

and (148) show that the new magnetic field defined by the
author is consistent with the electromagnetic wave
measured by the author.

7.8. Why Redefine Magnetic Fields?

First of all, the receiving antenna often uses a straight
wire antenna rather than a ring antenna, so it seems more
reasonable to measure the magnetic field with a short
straight antenna than a current loop. For measurement, we
are measuring magnetic fields, not so-called "retarded"
magnetic fields or magnetic fields defined by Maxwell.

We assume that we do not know whether the external
magnetic field is a so-called retarded magnetic field
transmitted by electromagnetic waves or a quasi static
magnetic field generated by a nearby current. It is
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assumed that the direction of this magnetic field is
along the § axis. Then the magnetic field was measured

using a prepared dipole antenna. It is assumed that two
measurements result in the same electromotive force. The
first measurement is to measure the magnetic quasi-static
electromagnetic field, and the second is to measure the
retarded magnetic field. We think that the magnetic field
is the same in both cases. What’s wrong with that? But
according to Maxwell’s electromagnetic theory, this is
indeed wrong. Because Maxwell’s electromagnetic theory
stipulates that magnetic fields must be measured using a
circular coil. Instead, we used a straight dipole antenna, or
current element, to measure it. So it violates Maxwell’s
definition of a radiated magnetic field.

This seems to be just a question of definition, and it
doesn’t matter. But the definition of magnetic field should
be reasonable. The author believes that the definition of
the magnetic field of electromagnetic waves in Maxwell’s
theory is unreasonable.

There are two main irrationalities. According to
Maxwell’s definition of a magnetic field, the electric and
magnetic fields of electromagnetic waves are in phase,
resulting in the Poynting vector being a real number.
Therefore, there is an active power propagating outside
the universe. In this way, electromagnetic waves will
overflow the universe. This violates the principle that
electromagnetic waves do not overflow the universe. So
it’s wrong. The author believes that the overflow of
electromagnetic waves into the universe is a bug of
Maxwell’s electromagnetic theory, so it is wrong.
Therefore, it is necessary to redefine the magnetic field of
electromagnetic waves.

The author emphasizes that Maxwell’s electromagnetic
theory, which includes displacement current and is applied
to electromagnetic wave, is completely different from that
of quasi-static electromagnetic field. Therefore, the
electric and magnetic fields of the two systems may have
different meanings. Therefore, we need to calibrate the
magnetic field of the electromagnetic wave. This means
that the factor " —j " plays a calibration role. So for

electromagnetic waves (retarded),
Bnew =(- j)BmaxweII

The author found that the main body of Maxwell’s
theory is still correct, but for the magnetic field of
electromagnetic waves, a calibration factor (—j) needs to

be added. It is samilar for the advanced waves, in that case
the calibration factor is (+]) .

8. Conclusion

The author found that the definition of magnetic field of
electromagnetic wave in Maxwell’s electromagnetic
theory is problematic or defective. The author
comprehensively discusses the reasons for this problem.
The reason is that the quasi-static electromagnetic field
theory and Maxwell’s radiation electromagnetic wave
theory are two different systems. Therefore, the meaning
of electric field and magnetic field is different. In order to
keep their meanings consistent, it is necessary to calibrate
the electric and magnetic fields. This calibration process

is to multiply the magnetic field of Maxwell’s
electromagnetic theory by " —j " . In this way, the phase

difference between the magnetic field and the electric field
of the electromagnetic wave is 90 degrees rather than in
phase. This electromagnetic wave is actually a wave of
reactive power. The average value of electromagnetic
energy transmitted by this wave is zero. This satisfies the
new axiom of electromagnetic theory proposed by the author,
that electromagnetic waves do not overflow the universe.

This article introduces a new method for measuring the
magnetic field of electromagnetic waves and quasi-static
electromagnetic fields. This method is to use a straight
wire current element instead of a small coil. The author
believes that for magnetic fields related to electromagnetic
waves, straight wire current elements should be used
instead of small coils. According to Maxwell's theory, the
measurement of a magnetic field is defined as a small coil.
Therefore, the author's new magnetic field measurement
method is different from Maxwell's theory. The magnetic
field measured using this method should maintain a 90
degree phase difference from the electric field of the
electromagnetic wave.

The correction of this defect in Maxwell’s
electromagnetic theory may have a very important impact
on the whole modern physics. In this way, waves no
longer carry energy. At least the wave does not carry
energy in average. Then there is no need for the wave to
collapse. The mutual energy flow can transfer energy. In
the author’s electromagnetic theory, the mutual energy
flow transfers energy from point to point, so the shape and
properties of the mutual energy flow are the same as those
of particles. Therefore, we can think that the mutual
energy flow corresponding to electromagnetic wave is
photon. This provides a good solution to the problem of
wave-particle duality.

The conclusion of this paper may be extended to other
particles. The wave satisfying Schrodinger equation or
Dirac equation is probably also reactive power! So these
waves need not collapse. Energy is transmitted by mutual
energy flow. All particles are composed of mutual energy
flow. Mutual energy flow involves retarded wave and
advanced wave. Therefore, the advanced wave must be the
objective existence of physics. The existence of advanced
waves means that causality can be violated.

The next step is to compare this new measurement
method with the Hall effect method through experiments.
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