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Abstract

It is found that the Poynting theorem is conflict with the energy con-
servation principle. It is a bug of the Poynting theorem. The Poynting
theorem is derived from Maxwell equations by using the superimposition
principle of the fields. Hence, this bug also existed at either in superim-
position principle or in the Maxwell equations. The Poynting theorem is
corrected in this article. After the correction the energy is not quadratic
and hence the field is also not linear. The concept of the superposition of
fields need also to be corrected. Hence the new definitions for the inner
product and cross product are proposed. The corrected Poynting theorem
become the mutual energy formula, it is strongly related to the mutual en-
ergy theorems. It is shown that starting from the mutual energy formula,
the whole electromagnetic theory can be reconstructed. The Poynting
theorem can be proved from the mutual energy formula by adding pseudo
items. The Maxwell equations can be derived from Poynting theorem as
sufficient conditions. Hence if the mutual energy formula is corrected, the
Maxwell equations still can be applied with knowing its problem. Most the
problems originally caused by Maxwell equations are solved. Examples of
this problems are: (1) electric field infinity which need to be re-normalized
in quantum physics; (2) collapse of the electromagnetic field, the waves
has to be collapsed to its absorber, otherwise the energy is not conserved;
(3) the emitter can send energy without absorber, this is conflict to the
direct interaction principle and absorber theory; (4) if our universe is not
completely opaque, the charges will continually send energy to the outside
of our universe, our universe will have a continual loss of energy. How-
ever there is no testimony supporting that our universe is opaque. The
new theory supports the existence of advanced wave, hence also strongly
support the absorber theory and transactional interpretation of quantum
physics. It can offer an equation for photon and a good explanation for
the duality of the photon. If photon and electromagnetic field obeys the
mutual energy formula, it is very possible that all other quanta also obey
their similar mutual energy formula. Hence the mutual energy formula
can be applied as a principle or axiom for the electromagnetic theory and
quantum physics. According to this theory the asychronous retarded wave
and the asychronous advanced wave of electromagnetic fields both are an



ability or probability waves, which is also partly agree with Copenhagen
interpretation.

1 Introduction

In this article when we speak about Maxwell equations, we will explicitly dis-
tinguish the two different situations, the first is the Maxwell equations for N
(many) charges and the second situation Maxwell equations is only for a singu-
lar charge. The first is written as MCMEQ (many-charge Maxwell equations),
the second is written as SCMEQ (singular-charge Maxwell equations). If the
electromagnetic fields can be superimposed, It is easy to prove MCMEQ from
SCMEQ. Hence we do not need to distinguish these two concepts, however in
this article we will question the superimposition principle, hence we have to
distinguish these two situations.

We all know that there are some problems in electromagnetic field theory,
especially when it is applied to quantum physics. The examples are (1) the
field very close to the charge will be infinity which need to be re-normalized in
quantum physics; (2) collapse of the electromagnetic wave, the wave has to be
collapsed to the absorber so that the energy sends out by the emitter can be all
received by the absorber; (3) the emitter can send energy without absorber. (4)
A electron can continually send energy to the outside of our universe. According
MCMEQ), the antenna can send wireless energy even without anything to receive
this energy. These all have no problem for electronic engineering, but it is a big
problem for physics. If wave can continuously send to outside of the system with
all charges in our universe, our universe will continually loss the energy. This fact
has been known for a long time. Schwarzschild, Tetrode and Fokker derived the
theory of action at a distance, it is also referred as direct interaction[18, 7, 20].
From this principle all action and reaction can only take place between two
charges. There is no field exist freely independent to the charge. Dirac has
applied advanced wave to explain the force of a moving charge[6]. Wheeler and
Feynman, designed the absorber theory in which the electron does not only
sends retarded waves to the future but also sends advanced wave to the past
[1]. Wheeler and Feynman also introduced the concept of the adjunct field[2].
Wheeler and Feynman has clearly point out there is problem in MCMEQ), but
they did not point in details where the problem is and how to revises it. Instead
they derived the SCMEQ from their adjunct field, it seems even there is problem
in SCMEQ but no thing can be changed.

In the field of electromagnetic field theory, W.J. Welch has introduced time-
domain reciprocity theorem|[21] in 1960. In 1987 this author has introduced
the mutual energy theorem [12; 23, 22]. This is strongly influenced by J. A.
Kong’s book[8, 9]. In 2014 this author wrote the online publication discussed
the relationship between the reciprocity theorem, the mutual energy theorem
and the Poynting theorem[13]. Among this work, this author noticed the book of
Lawrence Stephenson[19] and read it with great interesting especially the topic
about the advanced potential. Afterwords this author begin search the publi-



cations about advanced potential or advanced waves, and noticed the absorber
theory of Wheeler and Feynman[1, 2, 10] and John Cramer’s transactional in-
terpretation for quantum physics [3, 4]. After read this publications, this author
begin to work at building a photon model with classical electromagnetic filed
theory[16, 15].

Recently, this author compared the power of a system with N charges to
the power calculate by Poynting theorem, found that the calculation results
of the Poynting theory has offers more power than the system of N charges
should be. If we remove all self energy items from the calculation results of
the Poynting theorem, it can obtained exactly the same as the power of the
system with N charges. From this this author obtained the conclusion, there
is a bug in Poynting theorem, which should be corrected. The correction can
be done simply by taken away all self energy items. After this correction, the
Poynting theorem become the mutual energy formula, which is related to the
mutual energy theorem|[12, 23, 22, 13]. Since Poynting theorem is derived from
MCMEQ. MCMEQ is derived through the superimposition principle of the field
and SCMEQ), if Poynting theorem has bug, this bug also exists inside either
superimposition or the SCMEQ. The mutual energy formula can be also derived
from SCMEQ. But even so, if SCMEQ have bugs inside, it is possible that the
mutual energy formula is still correct.

When we will removed the self energy from the Poynting theorem, in Poynt-
ing theorem, the energy is not quadratic. If the energy is not quadratic, the
field can not be linear. So the superposition principle is invalid.

This means that even if SCMEQ is correct, we still can’t get MCMEQ),
because we don’t have the superposition principle of the field. In fact, SCMEQ
is also very problematic. It can not be used to explain photon phenomena.
Photon phenomenon is a quantum phenomenon. Nor does SCMEQ explain
double slit experiments. The double slit experiment clearly shows that light
waves are characteristic of probability rather than physical waves that SCMEQ
considers light to be true. SCMEQ can be obtained from Poynting theorem
of single charge, namely single charge can continuously send wave to infinity
and does not involve light absorption. The paradox with quantum physics is
that quantum physics holds that a single charge emits only probabilistic waves,
which is a mathematical wave. This article from the mutual energy formula
to reconstruct the entire electromagnetic theory, mutual energy formula and
mutual energy theorem of [12, 23, 22, 13]. are closely related. The photon
model is reformulated.

The mutual energy formula agrees with the principle of direct interaction and
the absorber theory, so the retarded wave and the advanced wave of photon are
not a real wave independent of the emitter and absorber. It is an adjunct field of
charges, so it can be regarded as a probability waves in principle. However, the
mutual energy flow is true in physics, and the mutual energy flow occurs when
the retarded wave and the advanced wave just synchronize. This synchronous
two wave can be seen as the transactional process described by John Crammer.
If there is only one wave, such as a retarded wave, and no advanced wave is
synchronized with it, these waves may return to its source. Thus, in principle,



these waves can be regarded as probabilistic waves, and this is also consistent
with the interpretation of Copenhagen in quantum physics.

In this article, the term "synchronization" refers to the process of simulta-
neous occurrence of two things, not a process that takes place one step at a
time. The so-called "advanced wave" and "retarded" synchronization means
that when a retarded wave is transmitted from A to B, an advanced wave is
also transmitted from B to A. The forward wave from the B to the A is actually
passed through the A before coming to the B, so the advanced wave and the
retarded wave occur simultaneously.

2 A bugis found in Poynting theorem and MCMEQ

2.1 Power of a system with N charges

If the charge move and has the speed 71-, where i is the index of the charge, we
know that,

72‘ = Pz'?z‘ (1)
where 7Z is the current intensity. p; is the charge intensity. There is,

pi=¢6(T —T) (2)

and hence the current of the charge is,

I = // Tdv = ///@(7 BTV = ¢, (3)
1% |4

we know the power which of singular charge is,

P(@) = F(Z) ¥ (4)

2, is the position of the charge. ?(?1) is Coulomb’s force on i-th charge,
which can be given as following,

N
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where ¢; or ¢; is amount of charge at the place 2, or Tj, which can be written
as,

gy (?z*?)

which is the electric field of charge g; to charge ¢;. Hence, we have

F(Z) =g E(T)) (7)




Thus, power of charge i is,

S F@) 7 (8)
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Hence the power of the whole system with N charges is,
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We find when we calculate the power of N charges, we have used the following
summation.

N N
Z Z (10)
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2.2 Action-at-a-distance for N charges

We have know that the action-at-a-distance is,

—i_\/:m(i)c / J—da (i) da(i)"
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where [ = x(j) — x(4), i is the index of charges. m(i) is the mass of i-th charge.

e(i) is the amount of charge for i-th charge. x(¢) is the position of i-th charge.
¢ is the speed of light. See Eq.(1) in [2]. The above formula can be rewritten
as,

= —im(i)c/«/—dx(i)udx(i)“
=0
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We can see the summation operator of the above formula is also,
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2.3 The Poynting theorem of N charges

According to the traditional electromagnetic field theory, The Poynting theorem
is give as following,

_#(ﬁxﬁ)~ﬁd1":///(ﬁ-7+ﬁ-83+ﬁ'5§)dv (14)

where ( = [3,3,7,?,3,3], is electromagnetic field system of N charges,
= 0 is the magnetic current intensity. 0 = %, t is time. E is electric field,

ﬁ are magnetic H-field. J is current, B is electric displacement. ﬁ is magnetic
B-field. According to the traditional definition, the electromagnetic field of N
charges is,

E(7) = iﬁ(?ij) (15)
H@) =S H@.7) (16)

similarly gets B(a:) and §(m), so we have,
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In the above second item, we have considered that,

///(Z-ﬁ(?i, 7))dV = ///(?ia(?—%)-ﬁ(?j, NV = 1, E(T;, 7%
1% v a8)
In the above formula we have considered Eq.(1, 2, 3).

2.4 The bug in Poynting theorem and MCMEQ

We obtain Eq.(9) In the subsection 2.1, and we obtain Eq.(17) in last subsection.
Inside the two formula all has a items,

E(@. 7)1 (19)



But the summations Y before ﬁ(?j, 71)?1 are different. This item E(7j, Z5)

71- together with the summation ) all express the interaction power of all
charges in the system. From this comparison, this author believe the Poynting
theorem has overestimated the power of all charges in the system. This is can be
proved by further see the summation operator inside the formula of the action
at a distance Eq.(13).

Using the summation in Eq.(10) to replace the original summation in Eq.(17)
we obtain,

i=1 j=1,j#i
///z; 1275 0D, +H,-98,)dv (20)

In the above formula we have written ﬁ(?“ ?) as ﬁi and we have considered

Eq.(18) and replaced ?1 by J; with the integral. The corresponding differential
formula is,

=1 j=1,j#1
XN: ﬁ:§7+ﬁ 0D, +H, 0B,) (21)
i=1 j=1,j#i

The above formula Eq.(20) is the rest items of the Poynting theorem Eq.(17)
if all self-energy items is taken away. The all self-energy items are as following,

- #(i Bl X ﬁl) -hdl = ///(i_v:(fl ) 7i)dV
/// (i(ﬁ- 0B+ H, - 0B,)dv (22)

Eq.(21) can be referred as mutual energy formula, which is closed related the
mutual energy theorems, [21],[12, 23, 22, 13]. and [5]. This mutual energy
formula is correct in two ways. (1), it can be derived from MCMEQ or from
Poynting theorem. If MCMEQ is correct this formula is also correct, it is easy
to prove this. Because we take away all self items which also satisfy Poynting
theorem for a single charge. From the Poynting theorem of N charges take away



all corresponding Poynting theorem for single charges, this guarantees the rest
items still correct if Poynting theorem is correct. Since Poynting theorem can be
derived from MCMEQ), the rest items also satisfy MCMEQ. (2) The second way
to show this formula is correct because it satisfies also the “direct interaction”
principle[7]. The direction interaction principle actually tells us the action and
reaction can only happens between two charges, there is no any action or reac-
tion in space sends by singular charge. The direct interaction principle has been
further developed to as the adjunct field theory of Wheeler and Feynman|2].
The mutual energy formula Eq.(21) is agreed with the direct interaction theory
and can be seen as a new definition of the so called adjunct field. Wheeler and
Feynman did not point out this formula, they developed a new QED (theory
quantum electrodynamics) from their adjunct field theory. Wheeler and Feyn-
man try abandon the classical electromagnetic theory in quantum physics where
only a few charges is involved (N is very small).

If someone claim he find a new theorem which is the above mutual energy
formula, no any journals can accept it, because it just a a direct deduction of
Poynting theorem. However we will show that it is so important, should be
applied as axiom of the electromagnetic theory.

About the the self energy formula Eq.(22) which is the Poynting theorem
for singular charge. It need to be taken out that means this formula is prob-
lematic. If singular charge has a current change 71-, according to the Maxwell’s
theory there is a real physical wave sent from this current change. According to
quantum physics double slit experiment, this wave is not a real wave but a prob-
ability wave. Experiments shows that the photon is only randomly received by
the absorbers which can receive the wave sent out from the emitter charge with
current change 71 Traditionally, the people thought that Maxwell’s theory is
only suitable to the wireless wave which has lower frequency, it is not suitable
to the high frequency phenomena like photon. Photons needs quantum theory,
quantum electrodynamics or quantum field theory to solve. This author believe
the suitable revises from electromagnetic field theory of Maxwell can still keep
this theory alive even with the photon’s frequency. The key of this is to take
out the self-energy items Eq,(22) from the Poynting theorem Eq.(20).

2.5 Comparison of the Poynting theorem and the mutual
energy formula
In the following we compare the Poynting theorem Eq.(17) and the mutual

energy formula Eq.(20) and see which is more meaningful. The left side of
Eq.(20) is,

N N
#(Z S E,xHj)-dl =0 (23)
YOS =1

which is the power sends to outside of our space if T" is big sphere contains our
universe, it is the flux of the energy flow send to outside of the universe, it should



vanish. If there is only N charge in a empty space, there should no energy flow
go outside according to the direct interaction principle. We have known from
the mutual energy theorem[13, 15] if photon’s field either retarded field for the
emitter or advanced field from absorber, the mutual energy flow vanishes on the
big sphere I', hence the left side of Eq.(20) vanishes. The second term in the
right side of Eq.(20) is the system energy in the space. If started from some
time there is no action or reaction to a end time there is also no action and
reaction. The integral of this energy vanishes, i.e.,

/ ///f; E, 0D, +H, 0B,)dvdt =0 (24)

=0 =1 j= 73751

Substitute Eq.(23 and 24) to Eq.(20), we have the last term,

////Z Z (E;- 7T ,)dvdt =0 (25)

= o i=1 j=1,j#i

These terms also vanish. The above formula tell us for the whole system, all
energy is conserved. There is no any energy sends to outside of our universe (if
our universe is composed as N charges). Hence this a correct formula. The above
formula vanishes means that Eq.(20) satisfies the direct interaction principle.
The whole power of the system with all charges same as the subsection 2.1. It
is much meaningful comparing to the Poynting theorem Eq.(17) in which it has
the items,

// (E;- Tav = // (70, 7) Jo(Z))dV = oo (26)

Since if the charge is a point, there is ﬁl = 3(72,7) oo, if 7 = 7. It
also has the items

_ #(EZ x H,)-Adl # 0 (27)

The system always has some energy go to outside even where is empty space
without other charges. If the system is our universe, it must be opaque to receive
all energy, otherwise our universe will have a continuous loss of energy. Up to
now there is no any testimony that our universe is opaque. It is very strange.
The following items in Poynting theorem,

N N
SN (E:-T) (28)
j=1i=1

This is not the power of the whole system of IV charges. It is over estimated the

power of a system with N charges! The problem of the Poynting theorem is the

cause that a re-normalization process has to be done for quantum physics. This



is a bug of the Poynting theorem with N charges. Poynting theorem is derived
from MCMEQ. MCMEQ is derived from SCMEQ by apply the principle of
superimposition principle. The bug in Poynting theorem is also a bug in either
in superimposition principle or in SCMEQ. We have not found any problem
with mutual energy formula Eq.(20).

2.6 The confusion of the definition of the electromagnetic
fields

Last subsection we have said, it is possible the superimposition principle has
the problem. Now let us to see the concept of the electric and magnetic field.
Assume there are N charges in the system, we can calculate the electric field in
the place 7 by superimposition,

N
E@) =Y FE(@,7) (29)

j=1
where 7J~ is the position of the charge ¢;, E(7j, ') is the charge q; produced

field in the position 7', this definition looks good. However if we need to know
the field at a the position of any charges, we can write,

N
E@)= Y E@,.7T)+ET@nT) (30)
j=1,5#i
but
E(T:., 7)) = oo (31)

if the charge is a point charge. Hence we have to change the definition of the
field as following,
YE@. ) Tl
» E(@,7) Tel

=15
I=1,---i---N, it is the set of the index of the charges. The above definition
does also not very satisfy. Many people will ague that is this correct that the
field is extended to the any position without a test charge? According to the
principle of direct interaction, only the action and reaction force can be defined,
hence the field can only be defined on the charge which is,
ﬁ(?) | No difinition Z T (33)
Y, LE@,T) Tel

J=1.j#i
Hence we have 3 version of the definition about the field, which is correct? The

concept of field is very confused. The magnetic field has the same problem we
do not discuss it here.
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The reason of this confusion is because that if we measure the field we need
a test charge. But how can we know if the test charge is removed the measured
field is still there? According to the direct interaction principle, if the test
charge is removed, the field can not be defined as a real physics property. It is
only an ability to give a force to the test charge, but it is not some thing real
with energy in the space. It is also true for the radiation field, if the absorber
received a photon, how can we know that the absorber is removed, the photon
is still there? If the absorber is removed the retarded radiation field can only be
a probability wave in quantum physics. It is not any wave with physical energy
in the space. That is the reason many people will argue that after the removal
of the test charge or the absorber, the field of the wave is not defined.

From this subsection we are clear that the concept of the field is very con-
fused, actually this means the superimposition principle has problem. There
not exist this kind of linear fields which can be simply added together.

In the last few subsections we have said there is a bug in Poynting theo-
rem. If the superimposition principle has problem, we do not mean that the
theory of the SCMEQ need to be thoroughly throw away. Instead the whole
theory of electromagnetic fields need to be carefully reconstructed. Since with-
out superimposition principle even if SCMEQ is correct (by the way last section
we have to take away all the self-energy items which actually also means the
SCMEQ has also the problem), the MCMEQ can still not be guaranteed to be
correct. We still need to prove MCMEQ. In the proof we have to point where
the approximation is made. This way to allow the MCMEQ survival with the
bug.

Without the superimposition principle, we can still define fields as a collec-
tion of all fields of their charges,

E(@)=[E(@,, 7). B@;,7)-] (34)
or
E(@)=[E,  E, - Ex] (35)

we have written Ej = ﬁ(ij Z') for simplicity.

3 Reconstruction the electromagnetic field the-
ory

3.1 Define the point and cross multiplication of the fields

We have no the superimposition of the fields. We do not know how to “add” is
really correct. However we still can re-define the cross and point multiplication
“X”’ M.” by’

A.B

i A, B, (36)

=1 =1,
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AxB=Y S A,xB )

=1 j=1j#i

In the above formula the right side, Xj . ﬁl Xj X ?, still has the traditional
definition of point or cross multiplications for only the fields of the two singular
charges. The left sides are the point and cross multiplications for a system with
N charges. In this way the mutual energy formula Eq.(21) can be written as

V-(ExH)=E-J+E-0D+H-0B (38)

This looks like the Poynting theorem, according the new definitions of the point
and cross multiplications, however, it is the mutual energy formula.

3.2 Linearization of electromagnetic fields

MCMEQ and Poynting theorem has a bug, we cannot apply it as a principle,
which theorem can be a replacement of the MCMEQ and SCMEQ? We choose
the mutual energy formula, the mutual energy formula can be derived from
MCMEQ does not mean if MCMEQ is wrong, the mutual energy formula is
also wrong. It only tells us if the mutual energy formula is wrong then the
MCMEQ is also wrong. We have point out that the mutual energy formula
agrees with the direct interaction principle and energy conservation principle, it
should be a very good candidate to be upgraded as a principle or axiom instead
as a formula or a theorem. The only thing left is to see whether or not we
can reconstruct the whole electromagnetic theory base on the mutual energy
formula alone.

Now we take the mutual energy formula as the axiom, hence started from
it to build the whole electromagnetic theory. The field is not linear, that is not
very convenient. In order to make things simple, we can add self energy items
to the mutual energy theory.

Even we known that self energy flow formula for the singular charge (i-th
charge)

—V~Exﬁizﬁi-7i+ﬁi~83i+ﬁi-6§i (39)

the above formula is nonsense in physics according the discussion of last section,
actually that ﬁl X ﬁi is 0, E; - J; is 0, but the mathematics calculation that
is not 0. We also know that if the charge is point, El = E(?l, 7,») = 00, We
can just assume the charge is not a point. But the charge is distribute inside
a small sphere region with a radius R. We can choose a any small radius, for
example R = 107 !¢ meter. Then the above formula can be a correct formula
at least in the meaning of mathematics. It can be seen as a pseudo self energy
flow formula. We can add this pseudo formula to the mutual energy formula
Eq(21), we obtained,

12



_v.(iiﬁi Xﬁj):ii(ﬁi.7j)

j=11i=1 j=11i=1

+ZZN3(EZ 0D, +H, 0B,) (40)

j=11i=1

This formula is still correct as a equation, since we have add same amount
values to both sides of the mutual energy formula (which now is assumed as an
mutual energy axiom). If the original equation is correct, the new equation is
still correct in mathematics.

Keep in mind the above formula is only correct in the meaning of math-
ematics, not in physics. It is a mathematical formula not a physic formula.

Z;V:l vazl( i+ J ;) is lager than the total power of action and reaction of the
whole system. Zjvzl sz\il(ﬁl : 8Bj + ﬁ1 : aﬁj) is larger than the energy in

the space. —V - (Zjvzl Zf\; ﬁl X ﬁj) is also larger than the energy flows direct
to the outside space. The formula can be further written as,

N N N N
V- E) < (CH)=(CE) (T

+(3E)- oD+ (Y H)- (X 0B)) (41)
Write,

E=YE, H=H, T=7, (42)
We obtain that, ) ) )

V. ExH=E - J+E-0D+HdB (43)

Hence we obtained the Poynting theorem. The point and cross multiplications
are in the traditional meaning. We also obtain the superimposition priciple of
the electromagnetic fields Eq.(42). Keep in mind the superimposition formula
Eq.(42) and the Poynting theorem Eq.(43) are all mathematical results and are
not results in physics. They are results when we add a pseudo self-energy items
to the both sides of the mutual energy formula Eq.(21), which now is the axiom
of the electromagnetic theory.

We can added a pseudo field only when N is very big, for example in the
situation in wireless wave which is the low frequency electromagnetic fields. In
that situation the difference of Z;\Ll Zfil and Z;\;l ZlN:Ljﬂ is the difference
N? to N(N — 1) which can be omitted. In light or photon situation there is
only N = 2, for example only a emitter and an absorber, the pseudo field is not
small any more, it can not be applied. In that situation, Poynting theorem is

13



wrong we can only apply the mutual energy formula. By the way, in the case of
quantum entanglement situation the number of system can be not just N = 2,
it is possible N > 2, but N is still a very small number, in which the pseudo
self energy items cannot be added to the mutual energy formula.

From this we know that why sometime we can assume the electron’s charge
distributes as a small sphere instead of point, still can obtains correct calculation
result. The Poynting theorem can be written as,

(VxE-H-VxH- EY=FE-J+E-0D+H-08B  (44)

or

(VXE+0B) H+(VxH-T-0D) E=0 (45)

The sufficient conditions of the above formula is

VxE+0B =0 (46)
VxH-J-0D=0 (47)

We got the MCMEQ. We did not get the MCMEQ as a necessarily conditions.
But this is enough. In this article, MCMEQ are not need to be derived, it has a
bug anyway! The above derivation of the MCMEQ is also by dint of the pseudo
self energy items. We also obtained the superimposition principle of the field,
but that is also dependent to the pseudo self energy items. The pseudo items
can be omitted only when the number of charges N is very large, which is only
happens for low frequency electromagnetic fields or wireless wave but not for
light or x-ray.

3.3 The other two equation of MCMEQ
The other two equations of MCMEQ are,

V-B=0 (48)
vV.-D=p (49)

Here ? and B are magnetic B-field and electric displacement. Take div operator
or “V-” to the two side of Eq.(46, 47), considering V-V x G =0, here G is a
arbitrary vector, we obtain,

v.J-ov-D=0 (50)
considering charge continuous equation,
V.7 =—dp (51)
we obtain,
dp—9V-D =0 (52)
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vV.D = p+ Constant (53)

similarly we have,

ov-B =0 (54)

or

V- B = Constant (55)

Because we thought the field any way is a problematic, especially in higher
frequency we do not care a constant field. Hence for this equations we do not
need to derive these constants from mutual energy formula. In the above we have
applied the charge continuous equation. Hence we have to put the continuous
equation also to our axioms. We do not know whether or not from mutual
energy formula we can obtain Lorentz force formula

F=q¢(E+7 xB) (56)

Hence, the 3 formula are all axioms of electromagnetic field theory our new
electromagnetic field theory, (1) the mutual energy formula Eq.(20), (2) the
continuous equation Eq.(51) of electric charges and there is no magnetic charges.
(3) the Lorentz force formula Eq.(56).

3.4 Why we still need MCMEQ?

Perhaps the reader will ask why we need to derive MCMEQ? You have said the
MCMEQ has bug and started the electromagnetic theory from mutual energy
formula, why derive the MCMEQ again? We must make clear here. Since we
have found the bug in Poynting theorem, Poynting theorem is derived from
MCMEQ), that means the MCMEQ have the bug too. Actually the problem is
at the superimposition of the field. We have said the field is a very confused
concept. It cannot be superimposed. If we have no the concept of field for a
system with N charges or if the field can not be superimposed, even SCMEQ
is correct for a singular moving charge, it still can not prove the MCMEQ is
correct. That is reason we need to derive the MCMEQ. MCMEQ still can be
applied to most engineer problems. We have proved that MCMEQ are still
correct in mathematics. The only wrong is at how to interpretation of physics
meaning of the expressions in MCMEQ. This is because in the derivation of the
MCMEQ we have add the the pseudo self energy items to the two sides of the
mutual energy formula. For example we often say that Poynting vector,

S=ExH (57)

expresses energy flow intensity, it is not true for a system with N charges,
unless the cross multiplication change to the new definition Eq.(37). It is also
not true for a system with only one charge. In one charge situation, Poynting
theorem tell us there is a energy flow sends out from the charge. But according
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the direct interaction principle there is no this kind of energy flow which exist
without a absorber. Even in quantum physics, the wave of this singular charge
is a probability wave, which doesn’t transfer energy.

Understand that we can now easily understand why in quantum physics
need a re-normalization process, when it takes away all self energy terms in
the quantum formula, they got correct result. In the correct physics these all
self energy terms actually should be taken away. Hence we have two methods
to solve the electromagnetic problems, (1) Applying the new definitions of the
point and cross multiplications or (2) still apply MCMEQ), but keep in mind we
have added a pseudo self energy items to Poynting theorem.

Perhaps some people will argue that, the Poynting theorem has bug, that
is only the wrong of the superimposition, SCMEQ is still correct. That is
also not true in general. Since the solution of SCMEQ produced a energy
flow which can be expressed by a surface integral with Poynting vector. This
energy does not vanish. A charge continually sends out the energy that violates
the direct interaction principle. In the direct interaction principle there is no
the field which can exist independent to the test charge or absorber. There
is only the adjunct field which is depended to the action and reaction of two
interacted charges. Hence one singular charge cannot send wave out. Or we
can think a charge(emitter) can send the retarded wave (a real physics wave
with energy) out, but since there is no any absorber to send an advanced and
synchronized wave to receive this energy, this retarded wave cannot make the
energy transaction. Here the transaction is on the meaning of John Cramer’s
transactional interpretation for quantum physics [3, 4], but we will offer the new
details of the transactional process which is based on the mutual energy flow.
If we think it is a real wave send out from singular charge, we also can think
it perhaps returned from infinity later to it’s emitter. We will discussion the
return process in the later section.

In case wireless situation MCMEQ can still be applied, the error is only a
very small part which is the pseudo self-energy field items. In the high frequency
like light or x-ray, the pseudo self-energy field items cannot be omit, we have to
apply the mutual energy formula only.

3.5 What is accurate and what is not accurate?

All things related to the pseudo self-energy field are only approximately cor-
rect. The first is the electromagnetic field, a few our often used concept is only
approximately correct:

(1) The energy flow related to Poynting vector. The replace should be the
mutual energy flow.

(2) The interaction energy of the whole system calculated from the Poynting
theorem. The replace should be the calculation with the mutual energy formula.

(3) the electric field and magnetic field, since the linearization process has
applied the concept of pseudo self-energy items.

In electromagnetic field theory, there has lot of problems are not directly
solved by using MCMEQ, but are solved by using Lorentz reciprocity theo-
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rem. We have shown that Lorentz reciprocity theorem is only a mathematical
transformation of the mutual energy theorem[12, 23, 22, 13], it change the ad-
vanced wave in the mutual energy theorem to a retarded wave[13]. Many results
obtained from Lorentz theorem is still correct. For example, the directivity di-
agram of the receiving antenna. We also know that the theory of the Green
function can be derived from Lorentz reciprocity theory hence many results ob-
tained from green function are still correct. All the problems can be solved by
Lorentz reciprocity theorem can also be solved by the mutual energy theorem,
for example the directivity diagram of the receiving antenna. Apply mutual
energy theorems will offer not only the correct directivity diagram, but also the
current, of the receiving antenna. As a contrast, the Lorentz reciprocity theory
only offers the correct directivity diagram. We have shown in the lossy media,
the Lorentz reciprocity theorem is not correct any more. If a antenna is put in
salt water, even the directivity diagram can only be calculated with the mutual
energy theorem[14].

4 Mutual energy theorems

We have found the bug of the Poynting theorem, however it is still can be used
as approximate formula if the number of charges N is very large, for example
wireless wave situation. In the one charge alone situation, the SCMEQ still can
offers a retarded solution and also an advanced solution. But this is not true
comparing to the direct interaction principle, in which there is no any field exist
alone and can be separated from the interacted two charges, one is the emitter
and the another is the absorber. Normally photon is a system with N = 2, there
is only an emitter and an absorber. All other charges does not involved. If there
is quantum entanglement, the N will large than 2. The emitter sends retarded
wave, the absorber send advanced wave the two waves must synchronized. The
retarded wave of the emitter is only synchronized with only one of the advanced
wave of an absorber.

4.1 The mutual energy principle

The reason, the self energy flow is calculated as nonzero is because, the concept
electromagnetic field is wrong. The electromagnetic field need a test charge
in static field situation or an absorber in light wave situation to measure the
electromagnetic field or absorb the electromagnetic field. However, this charge
or absorber actually joined the creation of the action and reaction. We have
measured the electromagnetic field and we cannot show whether or not if the
test charge or the absorber is removed from the system, the electromagnetic
field still exists.

In factor, there is a continually debate between two group theory, first group
believe action and reaction is only happened between two charges, for example
one is the charge its field need to be measured, another one is the test charge. If
the test charge exists, then the field to be measured is exist, if the test charge is
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removed, then the field to be measured does not defined any more. The people
in this group claim direct interaction principle, this action or reaction is only
exist in the case there are two charges, the emitter and the absorber. The field
cannot exist independent to the any one of emitter and the absorber. Direct
interaction theory, absorber theory of Wheeler and Feynman, QED (quantum
electrodynamics) and QFT (quantum field theory) belong to this group.

Another group claim that the field can exist independent to its source for
example charges. This group people are very success in classical electromagnetic
theory. MCMEQ is also belong to this groups. Maxwell theory claims that wave
can exist independent to its source. Our traditional electromagnetic theory
thought field is an independent concept which exist even without the charges.
Without charges we can also obtain the field or waves by solving MCMEQ. A
field is a physical entity that stores and transmits energy.

In the mainstream of quantum physics, they accept the second groups theory,
hence the wave can exist without emitter and absorber. But this cause lot of
problems in quantum physics, energy perhaps not conserved. Hence in quantum
physics they create a concept called “wave function collapse”. The retarded
wave need to be collapsed to the absorber. After add the concept of wave
function collapse, actually action and reaction can only happen between two
charges. In quantum physic, the wave is said to be a probability wave by
Copenhagen interpretation. Hence quantum physics actually do not violate the
direct interact principle. Even wave function collapse is very difficult to be
accept because who can offers a equation of the process of collapse of wave?
But the concept of wave function collapse is very useful to avoid the problem
of the MCMEQ and SCMEQ), and also the Schrodinger equation. Schrodinger
equation also offer a wave with divergence, hence also needs that the wave
function may collapse. In this article, we will solve the problem of the photon
model without apply the concept of wave function collapse, this idea can also
be applied to quantum physics.

In quantum physics by using the concept of the wave function collapse and
the re-normalization process, the superimposition principle can still survival.
This author cannot accept the concept of wave function collapse, and looking
for other solution.

In order to solve this same problems, we notice that the problem is at the
Poynting theorem for NV charges. This problem cannot be solved through the
concept field which can be superimposed. But we have successfully solved it
through the energy. Started from the Poynting theorem, we remove all self-
energy items include self energy flow (Poynting vector), self energy increase
(31531 +H; 6? and self reaction 7 g After this removal the Poynting
theorem is changed to the mutual energy formula.

If self energy flow doesn’t exist in the physics. SCMEQ is clear wrong, be-
cause from SCMEQ we can got a solution with self energy flow, which does not
vanish. If self energy flow vanish, we can only got a zero solution with SCMEQ.
Hence, up to now the only way is to amend the Maxwell theory especially in pho-
ton situation where N is small. Taking the self energy flow away and MCMEQ
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and SCMEQ away, the left is only the mutual energy formula and we can call
it as the mutual energy principle, it is applied as axiom of electromagnetic field
theory. In the above few sections we have shown that the mutual energy for-
mula can be used to replace Poynting theorem, after this replacement, we got
a new “Poynting theorem” which is actually the mutual energy formula. We
also show that the Poynting theorem is equivalent in principle to the MCMEQ
and SCMEQ. Hence, when we can replace the Poynting theorem with the mu-
tual energy formula, the mutual energy formula actually can also replace the
MCMEQ and SCMEQ. After we also show that the Gauss law can also merged
to the mutual energy formula, Hence we can use mutual energy formula only one
formula to replace all (8 = 2 x 4, a photon is with 2 charges the emitter and the
absorber and need 2 groups of Maxwell equations) 8-formulas of the SCMEQ.
That is also correct in the philosophy that the principle should be simple.

We also show the problem of the MCMEQ), if we add a pseudo field to the
two sides of the mutual energy formula, it becomes the Poynting theorem, and
the Poynting theorem is still correct in mathematics. It also approximately
correct in physics if NV is larger. We have notice that even there are pseudo field
items. However, most wireless problem which still can be solved with MCMEQ
since the contribution of the pseudo field items is very small.

In the case of light, there is only two charges, one is emitter and one is
absorber. This is the place we really need to deal the problem of self energy
items. We have calculated that if it exist and does not return to its source, it will
contribute half energy transfer from emitter to absorber[15]. In this situation the
self energy items cannot be omitted. This author endorse the direct interaction
principle, which leads us to denies all existent of the self energy items. After
removal of all self energy items, we obtained the mutual energy formula or the
mutual energy principle. Now we need to looking the solution from the mutual
energy principle.

Now we are clear that we actually do not need to calculate the self energy
flow, which does not exist, we have long trouble with it [15]. Hence, this means
that we only need to find a solution which satisfy the mutual energy principle.
For the photon situation there is only the emitter and absorber two electrons,
we assume the index of the emitter is 1 and the index of the absorber is 2, the
mutual energy principle Eq(21) is listed as following,

V (EyxHy+ Eax Hi)=Ey-J1+E1- /s
"rﬁl ~3Bz+ﬁg-aﬁ1+ﬁ1-8§2+ﬁ2'a§1 (58)

It is worth to say that the time domain reciprocity theorem[21], frequency
domain mutual energy theorem[12, 23, 22], time domain correlation reciprocity
theorem[5] and second reciprocity theorem [11] are very closed related to the
mutual energy principle. They can all be referred as mutual energy theorems.
They are not widely accept in electromagnetic field theory because the advanced
wave is involved. The advanced wave is also not widely accept. But this au-
thor endorse the concept of the advanced wave. The mutual energy theorems
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originally is all derived from SCMEQ. Now the mutual energy principle has
replaced SCMEQ become the axiom of the electromagnetic field theory. Hence
all the mutual energy theorems must also be re-derived from the mutual energy
principle. In next a few subsection we will derive all these theorems.

4.2 The field of the emitter and the absorber

The mutual energy principle for two charges which is an emitter and an absorber
can be changed as following,

VX By Hy+VxHy By —Vx Eg-Hi+V x Hy-Es
—Ey T+ Er T,
4 E1 Do+ By 0D+ Hy-0Bs+Hy 0B, (59)
(VX E,\+0B1) Hot (VxH,— J1-8D1) E»
(VX By +0B2) Hy++(V x Hy— Jo—0Ds)- By
~0 (60)

From the above equation we can obtained the conclusions, that if {; =
[El, 1, J1] =0, then §& = | 2,;[}2] can take,

V x ﬁg + 8?2 = arbitrary < oo
) (61)
V x ﬁg — 72 — 832 = arbitrary < oo
This means & = [ﬁg,ﬁg] can take arbitrary values. Vice versa, if (o =
[Eq, Hoy Jo] = 0, then & = [E1, H1] can take arbitrary values. All these

are not the physics solutions we are looking for. Hence &; and £ must nonzero
in the simultaneously.

We know the SCMEQ are the sufficient conditions of the mutual energy
principle, hence we can got the solution of the mutual energy principle by solving
the SCMEQ. One of the solution of the above photon equation is SCMEQ
solutions which is,

V x By (t) = —0B.(t) @2)
V x Hi(t) = +71(t) + D, (t)

and
V x Es(t) = —9Bal(t) @)
V x Ho(t) = +J 2(t) + D (t)
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It must notice that we are looking the solutions, where (; = [ﬁl, ﬁl, Jp] and
(o = [E9, Ho, Jo] is nonzero simultaneously.

Here we use ¢ to express field together with the source and £ to express
only the field. In the above discussion, if {; = [Ezl,ﬁl,‘—fl] =0, (o =
[ﬁg,ﬁg,? ] # 0, this is not a physical solution of the mutual energy prin-
ciple and which is not what we are looking for.

However we if (; = [fl,ﬁ ,7 ]=0, ¢ = ﬁg,ﬁg,7£ #0 and still
satisfy the above SCMEQ Eq.(63), we will say that the (» 2] #0

is a probability wave. The solution (» = [ 2] # 01is not ex1st as physu:s
solution but it still cange a mathematical s% i

Vice versa, & = | g,ﬁg] =0,& = ﬁl ] # 0 and satisfy SCMEQ
Eq.(62) can be seen as a mathematical solution Wlth the interpretation of prob-
ability. This way we have offers a very good explanation about the probability
interpretation about SCMEQ. This means if we take the mutual energy principle
as axiom of electromagnetic field theory, very naturally obtained that the so-
lution SCMEQ is a probability wave. This also shows the advantage that take
the mutual energy formula as the axiom of the electromagnetic theory than
SCMEQ.

In the case the & and & are both nonzero for a very long time, we can see
them as continuous waves. In the continuous wave situation, it easily see that
the following formula is also the solution of the mutual energy principle,

V x Ei(t) = 9B (t) o)
Vx Hi(t) =+ J1(t) + 0D (t)

and

(65)

{Vxﬁ (t+7) = —9Balt + 1)

VXﬁ2(t+T =+72 t+7) —1—832(1&4-7)

These above formulas both satisfy SCMEQ and nonzero simultaneously. In the
continuous wave situation, the two field do not need synchronized exactly. &;
and & can have a time difference 7 does not mean they do not need synchronized
at all, in this situation it is better to consider the synchronization in frequency
domain instead of time domain. We will discussion this in next section again.
However if the two waves £ and & are very short-time impulse, the two
waves nonzero simultaneously means that they must be synchronized com-
pletely. We will discuss the photon in next section which can be seen as short
retarded wave sent from emitter and short advanced wave sent from absorber.
Now the mutual energy principle require them must synchronized because they
are short time waves. For example if the distance from the emitter to the ab-
sorber is 100 light years, the retarded wave and the advanced wave nonzero with
a short time for example 1 nanosecond, the two impulses in the retarded wave
and in the advanced wave will go 100 years in the space together synchronously.
The mutual energy flow of the two synchronous waves is the photon which will
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Figure 1: (a) Advanced wave and the retarded wave. (b) If the two waves are
short time waves like photon, they have to be synchronized. This way even the
are short-time waves, they still can send the energy from the emitter to the
absorber, which perhaps separates a distance for example 100 light years.

be discussed in next section. It also need to say that if the two waves are both
short-time retarded waves, or both short time advanced waves, then they can-
not be synchronized, hence con not produce any energy package in the space or
photon.

Hence only the above simultaneously nonzero solutions of the above two
SCMEQ are the solution of the mutual energy principle. If the emitter and the
absorber has some distance, the two wave can be synchronized only when one
of which is retarded wave and another is advanced wave. We assume the (; is
retarded wave and (5 is advanced wave. Figure 1 shows the retarded wave and
the advanced wave. If they are short time waves, they must synchronized, the
energy for these waves can be transferred from the emitter to the absorber even
it has been separated as a long distance for example 100 light years.

4.3 W.J. Welch’s time domain reciprocity theorem

Assume & = [El,ﬁl] is retarded wave, & = [Eg,ﬁg] are advanced wave.
Assume the electromagnetic field waves are only short time impulses. & and &
satisfy Eq(62,63) and are synchronized.

In the beginning the electromagnetic energy in the space are 0. The energy
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in the space is increased in the time there is energy transfer between the emit-
ter(transmitter) or the absorber(receiver). When the impulse finish, the energy
in the space decrease to 0 again, hence there is,

/ ///(Bl . 832 + EQ . 831 + ﬁl . 8?2 + ﬁz . 6?1)6“/(# =0 (66)
—oo V
Considering the above formula in Eq.(58) we have,

_7ﬂ(ﬁlxﬁ2+ﬁzxﬁl)-drdt

- /Oo///(ﬁ2 T1+ By Ty)dva (67)

When the radius of the surface I' is much large the the distance between the
emitter and the absorber, the retarded wave reach the surface I' in a future
time. The advanced wave reach the surface I' in a past time. The two wave can
not nonzero in the surface simultaneously. Hence there is,

#(El XﬁQ—FEQ xﬁl)dfzo (68)

r
Considering the above two formula, we have

[ (Es- J1+E1- To)dvdt =0 (69)
[

- /OO// Eo- J1dVdt = 7// E1-Tedvit (70)

This is W.J. Welch’s time domain reciprocity theorem[21]. The above time
domain reciprocity theorem is suitable to the signal with very short time, for
example the photon situation.

4.4 Adrianus T. de Hoop’s time-correlation reciprocity
theorem

In this situation we assume the waves are not short time impulse, but a long time
waves. Assume £ (¢) = [E1(t), H1()] is retarded wave, &(t) = [Ea(t), Ha(t)]
are advanced wave. In this time, & (¢) and &2(t) satisfy Eq(62,63). In this time
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& and & do not need to be synchronized exactly, they can still the solution
of the mutual energy principle Eq.(58). Assume & (¢),£2(t) is the solution of
mutual energy principle, then & (¢),£(t + 7) can also satisfy Eq.(62,63). From
these two Maxwell equation we can obtained,

YV (Er(t) x Ha(t +7)+ Ea(t +7) x Hi(t)
:EZ(t+T)'7 +ﬁ 7 (t+7)

+E1(t) - ODs(t +7) + Eolt +7) - 0D (2)
VHL(t) 0Ba(t +7) + Ho(t +7)-0B1(2) (71)

Same reason with Eq.(66), we have

[ T@s0)0Batt+ ) + Batt 4 7)- 03,
_é/v[/( (t)-0Do(t+7)+ Eo(t+171)- 0D+ ()

CH () - 0Ba(t+7) + Holt +7)- 9B+ (£))dVdt = 0
Hence we have,

o}

_/#(El(t)xﬁg(t+r)+ﬁ2(t+7)xﬁl)-drdt

—oo I’

//// (t+7)+ Br(t)- Tt +r)ave (72)

The surface integral can be proved to be as 0, we will do that in the next
subsection in the frequency domain. The above is the time-correlation theorem
of Adrianus T. de Hoopl[5].

4.5 Shuang-ren Zhao’s mutual energy theorem

Since & (t+7) and 7; (t47) are real number, the above formula can be rewritten
as

_/ﬂ(ﬁl(ﬂxﬁ;(t+r)+ﬁg(t+r)xﬁl(t))-ﬁdrdt
—oco T’

/ /// L+ 1)+ Ea(t) - T5(t +7)dvt (73)
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113 77

where is complex conjugate operator. Take a Fourier transform of the above
formula, it becomes,

7#3 ) x Hi(w) + E(w) x Hi(w))-dr

/// )+ E1(w) - T 3w)dV (74)

This is the mutual energy theorem of Shuang-ren Zhao[12, 23, 22].
Since & is retarded wave, when R — oo, 71 is the direction of the wave, there
is Sommerfeld radiation condition,

Hi(w) = %ﬁ < Baw) (75)

Since & is advanced wave, (—n) is the direction of the wave, there is the
corresponding Sommerfeld radiation condition,

Haw) = %(—ﬁ) x Baw) (76)

where is 7 is resistant constant. According to the above two formula we have,
#(Eﬁ(w) x Hi(w) + E3(w) x Hi(w)) - adl =0 (77)
r

Hence we have,

/// W)+ Er(w)- T5w)dV =0 (78)

- [ ) Ta) = Baw) Tzwnav (79)
|4

The mutual energy theorem[12, 23, 22] is suitable to wireless wave situation, in
which the most wireless wave signal can be described in Frequency domain. The
time correlation reciprocity theorem|[5] is the form of the inverse Fourier trans-
form of the mutual energy theorem. The time domain reciprocity theorem|[21]
is a special situation where 7 = 0 of the time correlation reciprocity theorem.
Considering these three formulas are all strongly related to mutual energy prin-
ciple, they can all be referred as mutual energy theorems. In time domain, the
above formula can be written as,

///E’ (t+7)dVdt = ///ﬁ Talt +myavdt  (80)
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4.6 'Why we say that Lorentz reciprocity theorem is wrong

30 years ago this author obtained the mutual energy theorem was from Lorentz
reciprocity theorem by a time magnetic mirror transform. Assume the electro-

magneticﬁeldare(l = [ 1, 1 1,?1,61,#1} and CQ = [Eg,ﬁg, 2, 2,62,#2],
where K1 and K5 are magnetic current intensity. The magnetic mirror trans-
form h is defined as,

héy=[Es,—Hy — 75K eh ) (81)

Now because we have proved the mutual energy theorem from mutual energy
principle, if we need the Lorentz reciprocity theorem we can also make the mag-
netic mirror transform to obtain the Lorentz reciprocity theorem as following,

// Fow) - T1(w)dVdt = // Fr(w) - Ta(w)dv (82)
1% 1%

We have shown that the the mutual energy theorem is the real physical theorem,
that Lorentz theorem is only a mathematical theorem. It is very difficult to show
what is wrong with the Lorentz theorem in the empty space where the Lorenz
theorem and the mutual energy theorem can both obtained correct directivity
diagram of a reciving antenna. Hence we have to check these two theory in
lossy media, in which we have shown that the mutual energy theorem can still
extended to lossy media. The Lorentz theorem cannot make the extension.
Hence the mutual energy theorem is the winner. Lorentz theorem is a wrong
theorem, but it sometimes still can obtained correct results. We have claim that
even the Lorentz reciprocity theorem can obtain correct directivity diagram of a
reciving antenna, it cannot obtained correct current distribution of the receiving
antenna, which only can be obtained from the mutual energy theorem.

We also know that the magnetic mirror transform satisfy SCMEQ, that
means if a electromagnetic field ( = [E, H, ,f(),e,u] satisfies SCMEQ after

the magnetic mirror transform, h¢ = [E*,—H™*,— J*, K*, €*, u*] still satisfies
SCMEQ. However now the axiom of the electromagnetic theory is change to the
mutual energy principle, we cannot must prove whether or not the magnetic
mirror transform can satisfy the mutual energy principle instead of SCMEQ.
Assume (; is retarded wave (o is advanced wave, after the magnetic mirror
transform h acting to (2, both wave (; and h(s become the retarded waves. Two
retarded wave con not satisfy the mutual energy principle, especially the two
sources J i1 and J 5 separated as a large distance. Hence we can not prove the
Lorentz reciprocity theorem from mutual energy principle. Hence, the Lorentz
reciprocity theorem is not a physical theorem. Since that Lorenz reciprocity
theorem can still be proved from SCMEQ), it still can be seen as mathematical
theorem.

This also shows that the advantage to use the mutual energy principle as a
axiom vs SCMEQ. The mutual energy principle offers a real physical solution
with energy or energy flow. SCMEQ offers a mathematical solution which is a
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Figure 2: photon model, in this model the field ¢; = [ﬁl,ﬁl,?ﬂ,@ =
[327 ﬁg, 72] all satisfy SCMEQ.

probability wave or ability wave not physical wave. Lorentz theorem can only
be obtained from SCMEQ but the mutual energy priciple, hence it’s result is
only a mathematical solution instead of a physical solution.

5 Photon equations and models

We will discuss two situations. First the advanced wave and the retarded waves
both satisfy SCMEQ. Since SCMEQ is not the necessary condition of the mutual
energy principle. It is still has the possibility that the solution of the mutual
energy principle is not the solution of SCMEQ. Hence, tn the second situation,
we discuss that they do not satisfy SCMEQ, but still satisfy the mutual energy
principle.

5.1 The solution 1 for photon

Figure 2 shows the photon model of this kind solution. The emitter and absorber
can be think as small antenna inside a atom. They also has their currents .J
and J .

Assume we have put a metal plate between the emitter and the absorber.
We make a hole to allow the light can go through it from the emitter to the
absorber. The mutual energy flow (will be defined in Eq.(84)) is exist only on
the overlap of the two fields (; = [21, ﬁl] and (; = [ﬁg, 2], see Figure 3 (it
is possible there is still a little bit mutual energy flow outside the overlap region,
but it become very very weak). This overlap region create a perfect wave guide
for light wave. Inside this wave guide the normal TE (Transverse electric) and
TM (Transverse magnetic) wave can be supported and they are perpendicular
to each other and hence the polarization include linear and circle polarization
of the waves all can be supported.

The disadvantage of this photon model is that it can only send the wave
with linear polarization. If we need the photon as circular polarized field, we
have to make the current 71 and J o have two components for example along
axis y and axis z, or to make the currents rotating along x axis. This is perhaps
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Figure 3: The mutual energy flow only exists at the overlap place of the two
solutions of the SCMEQ. The field of the emitter is retarded wave. The field of
the absorber is advanced wave.

possible, because the electron is at spin, their current is also possible to have
spin. In this way the radiate wave becomes circular polarization.

We can take the volume V only includes the emitter or only includes only
the absorber, this way we can prove that the flux of the mutual energy flow go
through each surface Sy, S3, S3, Sy and S5 are all equal, see [17, 15], that is,

J o

= Qlt:_oo . Qs =0Q1=Qs
/ // (E1-72)d (83)
t="00 Vi

where @; is the flux of the mutual energy flow integral with time,

o0

Qi:/#-(leﬁg+ﬁgxﬁl)-ﬁdfdt i=1,2,3,45  (84)

t=—o0 S;

where 7 is normal vector of the surface S;, the direction the normal vector is
from the emitter to the absorber. This formula clear tells us the photon’s energy
flow is just the mutual energy flow. The mutual energy flow integral with time is
equal at the 5 different surfaces or any other surfaces. We know that the surface
S1 and S5 are very near to the emitter or absorber. This surface becomes so
small, hence the wave beam is concentrated to a very small point. It looks very
like a particle. In the middle, the wave beam is very thick. We can put other
kind plate for example the metal plate with two slits. In this case the wave
will produce interference patterns. This can explain the duality character of the
photon. In the two slits situation the above formula Eq.(83) is still established.
The above formula can be referred as the mutual energy flow theorem.
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Figure 4: In this photon model, the fields (; = [Bl, ﬁh 71],@ = [EQ, ﬁ% 72]
do not satisfy the SCMEQ. However, they still satisfy the mutual energy prin-
ciple.

The left of the formula Eq.(83) can be seen as the energy sucked by the
advanced wave & = [E2, Ho] from the emitter’s current 71. The right of the
formula Eq.(83) can be seen as the current of the absorber 72 received the

energy from the retarded wave £ = [ﬁl, ﬁl} Integral of this energy with time
is equal to each other and all equal to the integral of mutual energy flow in
each surface S;. The mutual energy flow is produced with retarded wave and
advanced wave together. The two waves must synchronized. The retarded wave
can be referred as emitting wave of the emitter. The advanced wave can be
referred as receiving wave of the absorber.

For the above solution, we have use the sufficient condition of the mutual
energy principle. It is not the necessary condition. The mutual energy principle
perhaps has some other solution which does not satisfy SCMEQ, which will be
discussed in next subsection.

5.2 The solution 2 for photon

In this situation perhaps we can find a solution which is not the solution of
SCMEQ), but it still satisfies the mutual energy principle.

If it is true this solution is also possible the solution for electromagnetic
fields, that means we have found another photon model.

We can easily prove that the above Figure 4 satisfy mutual energy principle
even it does not satisfy SCMEQ. We can see that this model is just a rotation
from the Figure 2. We know that the photon model in Figure 2 satisfy SCMEQ),
it also satisfies the mutual energy principle. Now we have rotated Jo, Ho and

1 around the z axis 90 degree. Hence F1 x Hy and E; - J2 don’t change.

ox Hq and 32 . 71 are also not changed, because ﬁg, > J 1 doesn’t rotate.
This guaranties the values of all items in the mutual energy principle does not
change, if it is satisfied before the rotation, after the rotation the mutual energy
flow theorem Eq.(83) should still be satisfied.

Even this model do not satisfy the SCMEQ), it has 3 advantages.

(1) Since field ElHﬁl and Es| |ﬁ2 the self energy flow vanish automatically.
We do not to tell the reader the self energy flow is 0, even when we calculated
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it, it is nonzero.

#-(Eﬂ x Hy)-dl =0, ﬂ-(EZ x Hs)-dl' =0 (85)

I T

(2) we can see that, ﬁl 1 71 and ﬁg s 72, we have clear that the self
energy action vanish automatically.

///(E’l ST )dv =0 (86)
///(ﬁ2 T 2)dv =0 (87)

(3) this model is easy to support circular polarization, because El and Eg
also perpendicular. We know it is difficult to explain that why electron is so
small it still can send circular polarization waves. In our antenna experience
we need very complicated antenna to send circular polarized waves. If two
electric fields El and E'5 are perpendicular and if they have 90 degree phase
difference, then we have obtained a circular polarization. The example of the
last sub-section in order to support circular polarization, the current element
of the emitter and the absorber must both have two components, the current
source of this complex exists in an electron within a small space are not realistic.

Even this solution does not satisfy SCMEQ), it has 0 self energy flow and 0
self action and can offer a simple current to support the circular polarization.
It looks as a miracle.

Even this is not a physic solution of photon, using the mutual energy prin-
ciple as axiom is still much better than to take the SCMEQ as the axiom,
considering the economy principle. The mutual energy principle is only one
equation, but the SCMEQ for two charges perhaps need 8 = 2 x 4 equations.
If SCMEQ is axiom, we have to add other conditions which ask the solutions
exist simultaneously for two charges. And also need to explain why one need
to be the retarded wave and another need to be the advanced wave. And have
to explain why the self energy flow should vanish (or like quantum physics it is
a probability wave) even it is calculated as nonzero. Started from the mutual
energy principle all this kind additional conditions are avoid. Only when a re-
tarded wave and an advanced wave synchronized together, it can be a solution
of the mutual energy principle for two charges separating with a distance.

5.3 A guess about the return of the self energy flow

In above our electron magnetic theory only the mutual energy flow is involved.
What about the self energy current? It does not carry any energy. It is a prob-
ability wave like in quantum physics. This is often difficult to be understand.
The engineer would like to think the wave is a real wave instead a probability
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wave. We found that a wave it exist but do not carry energy perhaps can ex-
plained as the wave is actually send out with energy but later it is returned to
its source, the pure effect is that the energy flow vanishes.

Most electromagnetic engineering believes that the electromagnetic wave
especially the retarded wave is a real wave which exist in physics and does not
like the wave in quantum physics which is probability wave. In this article we
have shown that the electromagnetic wave, the retarded wave and the advanced
wave do not carry any energy if it is alone. The energy is carried through the
mutual energy flow which needs the retarded wave and advanced wave together
and have been synchronized. Hence in principle, if there is only one wave for
example the retarded wave, it can only offer a ability to transfer the energy.
The real transfer energy need an advanced wave to react to it. Hence the
retarded wave still not a real wave with energy on itself, it can be interpreted
as ability wave or probability wave. If you do not satisfy this result, perhaps
you can think the retarded wave is still a real wave carries the energy and
transferred the energy in the space, but if there is no advanced wave to receive
it, this energy is returned to its source, i.e the emitter. Hence the retarded wave
returns to emitter and the advanced wave returns to the absorber if they are
not synchronized. This is similar to the transactional process in the bank, if
some thing wrong, the money can not be transferred from A bank to B bank,
then the money must return to A. Energy is same as money if it can not be
transferred from A to B, the energy conserved law do not allow it disappear in
the space. Since this energy no way to go and must be return to its source. This
way it can guarantee for the whole system the energy is still conserved.

We can assume the emitters and absorbers all can randomly send the re-
tarded waves and advanced waves. Now this waves are real physical waves. If
in the time of the retarded wave send out just has a advanced wave match it.
The energy is transferred through the mutual energy flow from the emitter to
the absorber. Otherwise the energy in the retarded wave or in the advanced
wave just returned. The wave return is a time reverse process, which cannot
satisfy by Maxwell equations, but can perhaps satisfy time-reversed Maxwell
equations, which are,

VxE=0B (88)
VxH=-7-0D (89)

The energy return process can be described with equations, it can be seen as a
collapse process, the wave collapsed to it’s source, either emitter or the absorber.
This return process is different to the wave function collapse in quantum physics,
in which the retarded wave collapse to the absorber, none offers a equation to
describe that kind of collapse process. The wave is returned has not been proved
by the experiment, just like the wave function collapse has not been proved in
experiment, but it still can applied to interpret of the quantum physics.

Hence wave is returned with the above time-reverse wave is still better than
the wave function collapse process which cannot be described with any equa-
tions.
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It should be noticed that if the retarded wave is a real wave with energy
in space, it must be returned if there is no the transactional advanced wave.
Actually even there is a photon sends out, that is only the mutual energy flow,
the self energy is still in the space and it also need be returned. The self energy
flow help the mutual energy transfer the energy in the space. After the transfer
energy process, either the energy is transferred or not, the self energy flow of
the emitter has to be returned.

In the above discussion about the mutual energy principle, we do not care
the self energy flow which dos not carry energy in physics. But we can also
assume it carry energy but it is returned hence no energy is transferred through
self energy flow.

The self energy return can be divided two possibility which are (1) a imme-
diately return and (2) return a little bit later.

5.3.1 Immediately returns

In case the immediately return, the return wave is synchronized with the self
energy wave. The self energy for the retarded wave is & = [Ef, H{] and the
returned wave is 71 = [E”1, H”1]. And the total wave is,

L =E&+E&N
Or, since we do not know whether or not the field and £ and £’; can be
superimposed, we can also write as following,

& =(6,¢")

Thant means put £ and £”; together.
Assume (' = [E(t), H(t), J(t), K(t),e, ], " = reverse((’), Here reverse
means time reverse transform which is defined as following,

¢71(8) = reverse(¢i (1))

= [Ei(_t% H{(_t), J{(_t)a K{(_t)a €, ,LL]
¢} satisfy SCMEQ,

V x Eq(t) = ~0B4(1) %0)
Y x Hi(t) =+ 14(t) + 0D, (t)
(7”4 satisty,
Vx E"1(t) = 9B71 (1) o)
Vx H?\(t) = + 171(t) — D1 (¢)

Proof: It is clear there is,
¢ () = reverse(¢1(t))
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= [E71(=t), H"1(=t), J71(=1), K7 1(=1), €, 1] (92)
Substitute the above formula to Eq.(90), we have

{v x By (—t) = — 2B -
Vx By (—t) = 4 77 (—t) + 2D0a0
or,
Vx By () = 2Bt 09
” B”
V x Hi(—t) = + 171(~1) - 22720
Let us take 7 = —t, t = —7, we have
V X E”l(t> = ag@ztl)(t) (95)
V X ﬁ”l(t) = +7”1(t) — 6307(,;)@)
Proof finished.
In the following let us to prove that,
_>
Tt B(t)=~T"(t)- B (1) (96)

%
Proof: Assume the power W'(t) = J'(¢) - E'(t) and W’ (t) = bk (t)- E” (),
then have,

W2 () = 17 (1) - B (1)
= T'(~t)- E'(~t)
=W'(-1) (97)

Here W7 (¢) and W'(t) are power, for the power when time direction is reversed,
the sign of the Power should be also reversed,

W (—t) = —W/(1) (98)
hence we have,
T B W =T B (99)

This is the equation Eq.(96). Proof finished.

It can be proven that the self energy flow corresponding to Poynting vector
of the two waves have the following relation. This relationship seems to be
self-evident, but for the sake of being strict, we still give its proof as follows,
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#-(ﬁ’l % H) - #dl = —#-(E”l x H”1) - adl (100)

r r
The above formula means the return wave’s self energy flow has the negative
values of the original wave’s self energy flow. This ensures that return wave
can really handle the energy flow of energy back to the current source can flow.
With the return wave, the self energy flow is not losing energy.
Proof:
Since ¢’ satisfy SCMEQ Eq.(90), it satisfy the Poynting theorem,

V(B x Hy) = 0 B0+ ol - (0 + B Br(n) (00

Since ¢” does not satisfy SCMEQ, but satisfy Eq.(91), hence it satisfy the
similar formula corresponding Poynting theorem,

V(B xH) =T B () - %8(MH”1(t) CHP (1) + B (1) - BT (1)

(102)
Consider the following,
WH”((8) - H1(8) + B4 () - E71(1)
= pH{(~t) - H(—t) + B (—t) - B (1)
= pH() - HY(1) + eBL(t) - B (1) (103)

In the above we have considered that H{(—t)- ﬁ'l(—t) = (ﬁ’l)2 always positive.
Substitute Eq.(103) and Eq.(99) to Eq.(102) we have,

V(B ) = T 0) B - g0 H) +eB - By) (10)

Compare the above formula with Eq.(101), We have proved the Eq.(100). Proof
finished.

This means that the returned filed £7; is also joined to the retarded wave
&}. The superimposition of £”; and &] has obtain the self energy flow as 0. It
should be notice that in the above formula the self energy flow vanishes doesn’t
mean the field also vanish. It is possible that only means there is,

E|H,

and we have,

& #0

This situation is a alternative explanation corresponding to the situation in
subsection 5.2.
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5.3.2 Doesn’t immediately return

In this situation, the returned field ] doesn’t join the retarded field &

SL=¢

This is a alternative explanation corresponding to the situation in subsection
5.1. After the photon has sent from emitter to the absorber, the field £”; bring
the self energy back to the emitter.

In the above we only discussed the return wave for the retarded wave from
emitter, actually there is also the return wave corresponding to the advanced
wave from the absorber. The discussion should be similar, hence will not put
here.

In this sub-section we discussion the possibility that the self energy flow is
returned. In the physics, the self energy flow is sent out then it is returned is
exactly equivalent to that the self energy flow never be sent out. Therefore, In
this sub-section, the self energy flow is not zero is not contradictory to say that
the self energy flow is zero which was discussed before.

5.4 Is light satisfy MCMEQ or SCMEQ?

Many people ask in the internet the question whether or not the field of light
satisfy MCMEQ? We need to distinguish the problem in wireless wave and light
wave.

Light wave deals the problem of photon, the photon is a small system only
with two electrons one is the emitter, the other is the absorber. From above
discussion we know that photon satisfies the mutual energy principle. We also
know that the SCMEQ is the sufficient condition of the mutual energy principle,
hence, it is possible that the retarded wave and advanced wave of the photon
satisfies the SCMEQ. But it is also possible that the photon satisfies the mutual
energy principle but does not satisfy the SCMEQ.

In light wave, assume there are infinite photons, do they satisfy the MCMEQ?
We speak no! The reason is that the photon is energy package, here, the energy
is linear. For example, one photon the energy is 1, 2 photons have the energy
2. If energy is linear, its field can not be linear (because if the field is linear the
energy should be quadratic). Hence in light wave situation, many photons also
do not satisfy the MCMEQ. This result is different with wireless wave. In case
of wireless wave, the wireless waves are linear (assume here that the number N
is very large, and hence we can omit the effect of pseudo fields) and hence still
satisfy MCMEQ.

According the discussion of last subsection that the field of emitter and ab-
sorber of one photon is possible does not satisfy SCMEQ. There is the possibility
it does not satisfy SCMEQ but it still satisfies the mutual energy principle.

However, to make things simple we still assume for each photon, the emitter
and the absorber still satisfy the SCMEQ. For a system with big number of
photon N, there is 2N emitters and absorbers. If the field of the light can be
superimposed, then it is clear the 2N system also satisfy MCMEQ.
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If

V x Ez = 75'31-
{v xH;=+J;+0D; (105)

is satisfied it is clear that

V x 2551 Et = *82?51 §i
V x 2351 ﬁz =+ 21251 71’ + 82?51 Bi

However, the field of photon is not linear and cannot superimposed. There
are two reasons we speak the field of light is not linear. The first reason is we
have mentioned before in last few sections because of the pseudo self field. The
second reason is photon as energy package and hence its energy is linear. N
photons energy has N times of the energy of one photon. Energy is linear tell
us that the field is not linear. if the field is linear the energy must quadratic.

Hence in general that the field of light does not satisfy MCMEQ.

(106)

5.5 Is the wireless wave composed as photons?

Some people ask in the internet that is the wireless wave also composed as many
photons or there is a frequency limit beyond that frequency all energy become
packages i.e. photons. We thought this is a very good question and would like
make it clear here.

In the antenna system one transmitting antenna can send the energy to many
receiving antennas. It is not send a package of the energy to only one antenna
in a time and randomly send the the energy to another antenna. It sends the
energy to all space and any antenna can receiving this energy.

This is a system with charges more than two. All these receiving antennas
can be synchronized with the transmitting antenna with frequency and orien-
tation. This kind of energy is not a energy package. Hence wireless wave is not
composed as photons.

5.6 Are all current changes happened on the emitter or
absorber will send photons out?

Assume in the emitter it has a current change for example a electron has from a
higher energy level jump to a lower level, does this current change send a photon?
We think the answer is no. This current change will send the retarded potential
but if the retarded potential can not meet a advanced wave of any absorber and
synchronized with it, there will be no energy transfer. The photon does not
send out. The electron charge has energy perhaps it will return to its original
higher level. And next time it will jump to low level again try to find a matched
advance wave.

In the case there is only an emitter and an absorber, the current change
of the emitter produced a retarded wave, the absorber produced an advanced

36



wave. If the retarded wave of the emitter has synchronized to the advanced
wave of the absorber, there is a photon which is sent from the emitter to the
absorber.

SCMEQ cannot tell us that should an advanced wave or a retarded wave be
associated with a current change. Hence Wheeler and Feynman assume there
always half advanced wave and half retarded wave associated to the current
change.

From my experience I would thought only one kind wave can associate to
the emitter and absorber in a time. That means the electron charge can only
be ether an emitter or an absorber but both. This is from the experience of
antenna system, if the absorber also send half retarded wave, then there should
not have black body. The absorber become very bright. We never seen this
phenomenon.

We do not know the emitter first sends the retarded wave or the absorber first
sends the advanced wave i.e, we do not know which is the cause, the retarded
wave or the advanced wave. If the electron charge jump from the high energy to
lower energy, in the same time there is an advanced wave reaching at the place
of the emitter, if the emitter matches that advanced wave, it will send a retarded
wave with energy and that is a photon. When the retarded wave reached to the
absorber, the electron charge in the absorber runs along the retarded wave, it
will send the advanced wave out and receive the photon. We can assume that
the emitter can self excitated to send retarded wave and the absorber also can
self excitated to send advanced wave. These waves are all randomly send out.
If by coincidence, these waves synchronized, a event of the photon happens. If
there is no this kind of synchronization, there is no any energy transfer. The
both retarded wave and the advanced wave can be seen as probability waves,
they do not contain any energy.

Hence, the retarded wave is not real wave, it is only offers the ability or
possibility to support a absorber to receive it. If this absorber appears by
producing a current synchronized with the emitter. The energy will send from
the emitter to the absorber. If there is no absorber to receive this energy, the
energy of the emitter can not be sent out. There is no any energy is lost to
the space and can move in the space independent to both their emitter and the
absorber. For the advanced wave, this is also the same.

5.7 The mutual energy flow interpretation of the photon

We know that the mutual energy principle endorses the direct interact theory[18,
7, 20], hence the retarded wave is not a real thing. If there is no absorber or
the advance wave, the retarded wave cannot send the energy out. This tell us
the retarded wave is only offers the ability to send out the energy but doesn’t
really offers the energy. This is real reason of the probability interpretation
of Copenhagen. However, now we know that the probability interpretation of
Copenhagen is at least correct at about the retarded wave. The retarded wave
is only offers the ability to do some thing. It does not send real energy. The
real energy is sent only in case there is a advanced wave to match it, which is
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the transaction process described by John Cramer.

In this way we actually endorse both the Copenhagen interpretation of the
quantum physics and also the transactional interpretation of John Cramer.

When we speak that the retarded wave is not real, actually we also mean
the advanced wave is also not real, no energy is send by advanced wave, only
if the retarded wave and the advanced wave meet together, the energy flow is
sent from emitter to the absorber which is the photon. Hence photon is nothing
else, it is only the discretized mutual energy flow. This can be referred as the
interpretation of the mutual energy flow for quantum physics. In this interpre-
tation the transactional interpretation of John Cramer and the interpretation
of Copenhagen are combined together.

5.8 Is half photon possible?

The self energy is returned when the transactional process does not happen
is only a good explanation for the wave is a ability wave or probability wave.
Important thing to us, the energy is only transferred by the mutual energy
flow. Photon is nothing else just the mutual energy flow. Wireless wave is
not composed by many photons. Wireless wave obeys MCMEQ), photon obey
SCMEQ. If wireless wave is composed with many many photons, its energy
become linear, and its field can not be linear any more, that is not true.

The amount of photon energy wh is decided by emission and absorption
process. It is only because the antenna inside the atom can only send that
amount of energy. The macrocosm wireless antenna sends energy is not a energy
package. It is still a continuous wave. Only continuous wave obey the MCMEQ.

Hence there should be a frequency limit f, if the frequency f of the radiation
larger than f. the energy is transferred by photon. If the frequency f of the
radiation less than f. the energy is transferred by continuous wave. If the the
frequency of the radiation is close to f, it is possible that there are half photon,
or % photon and so on.

6 Conclusion

A bug is found in Poynting theorem, which is also inside the MCMEQ and
SCMEQ. When the bug is removed from the Poynting theorem, it become
the mutual energy formula. The whole electromagnetic theory is reconstructed
through the mutual energy formula which is treated as a axiom of the elec-
tromagnetic field theory. It is referred as the mutual energy principle. The
Poynting theorem is derived by add pseudo self field items. We find that the
Poynting theorem is still correct as mathematical equations.

However, the superposition principle of electric field and Poynting vector
based on the concept of energy flow, the entire system represented by the Poynt-
ing vector energy depends on the pseudo field. Therefore, the Poynting theorem
is established only when the amount of charges of the electromagnetic system
is very large, this is the case of radio waves.
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In the light wave situation, the number of charge in a electromagnetic sys-
tem is very small normally is only 2 which is the emitter and the absorber, in
this situation, the electromagnetic field calculation can only be done with the
mutual energy principle. In the light wave situation if considering the quan-
tum entanglement the number of charge in a electromagnetic system can larger
than 2. The solutions of the mutual energy principle is required that a retarded
wave sent from the emitter and a advanced wave sent from the absorber must
exist simultaneously. That means only retarded wave or only advance wave is
not a solution of mutual energy principle, hence they are not a physic solutions.
However this solutions are the solutions of SCMEQ), they can be seen as a math-
ematics wave, a probability wave or ability wave but not the real physic wave
carried with some energy.

MCMEQ can be derived from Poynting theorem as sufficient conditions of
Poynting theorem. The whole electromagnetic theory still can be further derived
from MCMEQ as a approximate theory when the number charges N in a system
is very large which is the wireless wave situation.

The mutual energy principle is applied to photon to derived two kinds of
photon models. For both models, the emitter sends retarded wave, the absorber
sends the advanced wave, the two waves must exist concurrently or synchro-
nized. For the first kind model, the wave of the emitter and the absorber satisfy
SCMEQ. For the second kind model, it does not satisfy SCMEQ), instead it
satisfies the mutual energy principle alone. Both kind models support circular
polarization waves. The first kind model need a little bit complicate currents
inside the emitter or absorber to support the circular polarization. For the sec-
ond model even a simple charge moves along a line, it is still possible to produce
circular polarized wave. The mutual energy flow is defined and calculated. The
time integral of the mutual energy flow are equal on any surface between the
emitter and the absorber, which is the energy flow of the photon or photon itself.
Photon is nothing else, it just the mutual energy flow. Since the introduction of
the mutual energy principle, the electromagnetic field theory can be extended
from wireless wave to light wave. Originally it need to be discussed in quantum
physics or QED (quantum electrodynamics) or QFT(quantum field theory).

Electromagnetic field is a confused concept, because if we measure it we
have to put a test charge or a absorber in the place, however after we removed
the test charge or absorber, we cannot prove the field we have measured is still
there. Field is the ability if there is a test charge or absorber. In this situation
the field can offer a force on the test charge or absorber. When the test charge
or absorber is removed the field is not defined any more. Actually the field is
also partly produced by this test charge or absorber. Hence if we still think
the field is some thing real in physics and assume after the removal of the test
charge or absorber it is still there, we actually over estimate it. Even the field
cannot, be properly defined, the power or energy of the system still can be well
defined. In this article we have shown that the correct energy of the system
should be calculated with mutual energy principle instead of Poynting theorem.
The energy flow should be calculated with mutual energy flow instead of the
energy flow related to Poynting vector.
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According to the mutual energy principle the electromagnetic field, the re-
tarded wave alone and the advanced wave alone does not transfer energy. The
energy is transferred by the mutual energy flow which exist only when both
waves exist simultaneously and be synchronized. That means the wave for ex-
ample the retarded wave need a current to drive, after the drive, the retarded
wave propagates in the whole space, this can be called as the action. If there is
no any advanced wave appear to react it, there is no any energy emitting from
the emitter. Hence the retarded wave can be seen as a ability or probability
wave. This agrees with the Copenhagen interpretation of quantum physics. It is
same for the absorber it sends the advanced wave is also the ability or probabil-
ity wave. If this advanced wave has not meet the retarded wave. Since we also
applied both retarded wave and advanced wave, this photon model also support
the absorber theory of Wheeler and Feynman the transactional interpretation
of John Cramer.

References

[1] Wheeler. J. A. and Feynman. R. P. Rev. Mod. Phys., 17:157, 1945.
[2] Wheeler. J. A. and Feynman. R. P. Rev. Mod. Phys., 21:425, 1949.

[3] John Cramer. The transactional interpretation of quantum mechanics.
Reviews of Modern Physics, 58:647—688, 1986.

[4] John Cramer. An overview of the transactional interpretation. Interna-
tional Journal of Theoretical Physics, 27:227, 1988.

[5] Adrianus T. de Hoop. Time-domain reciprocity theorems for electromag-
netic fields in dispersive media. Radio Science, 22(7):1171-1178, December
1987.

[6] P. A. M. Dirac. Proc. Roy. Soc. London Ale, 148, 1938.
[7] A.D. Fokker. Zeitschrift fA@Tr Physik, 58:386, 1929.

[8] Jin Au Kong. Theorems of bianisotropic media. Proceeding of IEEE,
60(9):73-86, September 1972.

[9] Jin Au Kong. Theory of electromagnetic waves. New York, Wiley-
Interscience,, AA(MIT, Cambridge, Mass), 1975.

[10] D. T. Pegg. Absorber theory in quantum optics. Physica Scripta, T12:14-
18, 1986.

[11] LV. Petrusenko and Yu. K. Sirenko. The lost second lorentz theorem in
the phasor domain. Telecommunications and Radio Engineering, 68(7):555—
560, 2009.

40



[12]

[13]

[14]

[15]

[16]

[17]

[18]
[19]

[20]
[21]

[22]

[23]

Shuang ren Zhao. The application of mutual energy theorem in expansion
of radiation fields in spherical waves. ACTA FElectronica Sinica, P.R. of
China, 15(3):88-93, 1987.

Shuang ren Zhao, Kevin Yang, Kang Yang, Xingang Yang, and Xintie Yang.
The modified poynting theorem and the concept of mutual energy, 2015.

Shuang ren Zhao, Kevin Yang, Kang Yang, Xingang Yang, and Xintie Yang.
Antenna calculation in lossy media with mutual energy theorem, 2016.

Shuang ren Zhao, Kevin Yang, Kang Yang, Xingang Yang, and Xintie Yang.
The photon model and equations are derived through time-domain mutual
energy current, 2016.

Shuang ren Zhao, Kevin Yang, Kang Yang, Xingang Yang, and Xintie Yang.
The principle of the mutual energy, 2016.

Shuang ren Zhao, Kevin Yang, Kang Yang, Xingang Yang, and Xintie Yang.
How the mutual energy current of a retarded potential and an advanced
potential can produce a photon. will appear.

K. Schwarzschild. Nachr. ges. Wiss. Gottingen, pages 128,132, 1903.

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

H. Tetrode. Zeitschrift fAEr Physik, 10:137, 1922.

W. J. Welch. Reciprocity theorems for electromagnetic fields whose time
dependence is arbitrary. IRFE trans. On Antennas and Propagation, 8(1):68—
73, January 1960.

Shuangren Zhao. The application of mutual energy formula in expansion
of plane waves. Journal of Electronics, P. R. China, 11(2):204-208, March
1989.

Shuangren Zhao. The simplification of formulas of electromagnetic fields
by using mutual energy formula. Journal of Electronics, P.R. of China,
11(1):73-77, January 1989.

41



