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Abstract

The particle and wave duality is solved through the self-energy and
the mutual energy principles. Welch has introduced the time-domain reci-
procity theorem in 1960. The author have introduced the mutual energy
theorem in 1987. It has been proved that the above two theorems are same
theorem in time-domain or in Fourier domain. The author believe there is
an energy �ow from transmitting antenna to the receiving antenna. Hence
this theorem is a energy theorem instead of a mathematical theorem i.e.
the reciprocity theorem. The author found that the mutual energy is the
part of additional energy when the two waves are superposed comparing
to the situation if the two waves alone stayed in the space. It is often asked
that if the two waves are identical what is the energy after the two waves
are superposed, 4 or 2 times? The author's answer are 2 or 4 depending
whether the sources of the waves are involved or not. However the au-
thor noticed that a more important situation, which is the superposition
of two waves: one is retarded wave sent from the emitter, another is the
advanced wave sent from the absorber. This situation actually described
the photon. The author have found that, instead there are two photons
the retarded photon and the advanced photon like some author believed,
there is only one photon. The reason is that the two waves the retarded
wave and the advanced wave they both bring one photon energy are sent
to the space, but these energy are returned with the time-reversed waves.
The additional energy because of the superpose process of the two waves
is just with 1 photon's energy instead of 2 photon's energy. This energy
is sent from the emitter to the absorber. These build the author's photon
model. This photon model is proved by the author through the notice of
the con�ict between the energy conservation and both the superposition
principle and the Maxwell equations for single charge. This con�ict force
the author introduced the mutual energy principle and the self-energy
principle. Self-energy principle tell us the self-energy (the wave's energy
before superposed) is time-reversal-return to its source and hence do not
transfer any energy from emitter to the absorber. The mutual energy
principle tell us that it is only the mutual energy �ow which is responsible
to transfer the energy from the emitter to the absorber. The author also
proved that the mutual energy �ow theorem, there is a mutual energy
�ow go through the emitter to the absorber. The energy transferred by
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mutual energy �ow is equal in any surface between the emitter to the
absorber. The wave function collapse process is explained by the two
processes together the �rst is the self-energy time-revesal-return to their
sources (instead of the targets), the second is that the mutual energy
�ow brings a photon's energy package from emitter to the absorber. The
wave's probability property is also explained that is because the Maxwell
equations are only partially correct or correct with some probabilities.
The photon energy is transferred only when the retarded wave (one of
solution of Maxwell equations) and the advanced wave (another solution
of the Maxwell equations) are synchronized, otherwise the two waves are
returned by two time-reversal waves which are not satisfy Maxwell equa-
tions but satisfy the time-reversal Maxwell equations. Hence 4 additional
equations are added to Maxwell equations which describe the two addi-
tional time-reversal-return waves. Hence, the photon's package wave is
consist of 4 waves which have 4 corresponding self-energy �ows. There
are two additional energy �ows, which are the mutual energy �ow that is
responsible for transferring the energy from emitter to the absorber, the
time-reversal-return energy �ow which is responsible to bring the energy
back from the emitter to the absorber if the absorber only obtained a part
of photon.

Keywords: Wave function; Collapse; Poynting; Maxwell; Self-energy;
Mutual energy; Mutual energy �ow; Time reversal; Photon; Electro-
magnetic; Action-at-a-distance; Advanced wave; Advanced potential; Ab-
sorber theory;

1 Introduction

1.1 The wave and particle duality

It is know that the photoelectric e�ect tell us the light likes a energy packet.
The energy of the light is discrete. The Compton e�ect tell us that the light
same as particle when it is received or absorbed, the receive location is very
small, the absorber received a moment, just equal to the moment when it is
sent out from the emitter. This means when the light emitter and received
behave completely like a particle. Hence we can say that the light is consists of
the particle, i.e. photon. The photon also obey the third law of Newton that
means when the photon is emitted, the emitter gives the photon an action, the
photon gives an equal amount of the reaction with opposite direction to the
emitter. When photon is received the photon will o�er the absorber an action,
the absorber will give the photon a reaction which has the same amount and
with an opposite direction. Moreover the received action from photon is equal
to the action from emitter give to the photon. The reaction received by the
emitter from photon is equal to the reaction received by the photon at the place
of the absorber. Hence action and reaction can be transferred correctly.

However we also know that when light go through the double slits, it can
produce the interference pattern. We can reduce the intensity of light, hence,
the photon is go through the double slits one by one, the interference patterns
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still exists if the accumulating time is longer. Hence, light is also a wave. This
is referred as the wave and particle duality.

This author is looking for a uni�ed theory to explain the wave and particle
duality. It is clear that it is not possible to explain the wave properties using
particle theory. But perhaps it is possible to �nd a special wave that have
the properties of particle. The author is looking for a wave it is at very small
location when it is emitted or received. This wave should be possible to carry
amount of energy and momentum from the emitter to the absorber. In the
middle between the emitter and the absorber, the wave should be thick so it
can go through the double slits simultaneously.

Up to now, the traditional wave, for example, the retarded wave of Maxwell
equation do not satisfy the above requirement. We all know that the retarded
wave solved from Maxwell equation spreads to all directions, hence when it is
emitted, the total momentum is 0. However when it is received by an absorber,
it is clear the wave is sent from the emitter to the absorber direction, hence the
moment is not 0. This wave doesn't satisfy the momentum conservation. The
energy send by the emitter does not all travel to the absorber. Most energy sent
from emitter go to all direction of in�nity instead of go to the absorber. The
wave in the time it is received is also not focus to a very small region. Hence
this kind wave cannot be used to describe a particle and hence is not what the
author looking for.

1.2 Two di�erent electromagnetic �eld theory

There are two di�erent electromagnetic �eld theory. The �rst is the �eld theory
which is �rst introduced by Faraday and latter introduced by Maxwell in 1865.
The second is the action at a distance which are introduced by Weber 1848 [?]
and later by Schwarzschild, Tetrode and Fokker [?, ?, ?]. It is clear that �eld
theory from Faraday and Maxwell are mathematically convenient and hence
produced a lot of good results for example, from which the wave equation is
derived. The calculation from the theory of action-at-a-distance is not so con-
venient compare to the �eld theory, however it has the advantage to o�er the
correct mechanic properties. The action and reaction is equal and in the oppo-
site direction (third law of Newton). It is said that the Maxwell equations can
be derived from the Weber's electromagnetic theory [?]. Wheeler and Feynman
also proved it is possible to obtains Maxwell equations from the action-at-a-
distance theory of [?, ?, ?]. However it is strange that up to now no theory from
the �eld of Faraday and Maxwell can obtained energy conservation, moment
conservation, or Newton's third law for the photon.

In case there are two charges that are interaction, for example, if there are
two charges one is emitter another is absorber. It is clear that the wave send
out from the emitter spread to all directions, hence the total moment is 0. But
in the place of absorber, the wave is from the emitter to the absorber and hence,
the moment is nonzero. The moment has the direction from the emitter to the
absorber. Hence, the momentum sends from the emitter does not equal to the
momentum received from the absorber. Hence, the momentum is not conserved.
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According to the �eld theory of Faraday and Maxwell, the energy received
from the absorber is only part of the energy sends out from the emitter. Most
of wave energy sends from the emitter goes out of our universe. The energy is
not conserved. In order to make energy conserved, the concept of wave function
collapse is introduced. The energy sends to the whole universe is collapsed to the
absorber. The wave function collapse can make the energy conserved. However
the wave function collapse as a physics process, there is no any mathematical
description or formula can be given. Hence, this author does not accept the
concept of the collapse of the wave function.

The �eld theory of Faraday and Maxwell can also also di�cult to deliver the
action and reaction. In the view of photon, we know that in the place of the
emitter, the emitter gives the photon a action, the photon gives the emitter a
reaction, in the place of absorber, the photon o�ers the absorber an action, the
absorber o�ers the photon a reaction. Here, the action and the reaction is equal
and in the opposite direction. And also the action of the emitter o�ers to the
photon is sent by the photon to the absorber, hence, the absorber received the
action, the reaction of the absorber to the photon is also o�ers to the emitter
by the time emitter sends a photon. Hence, the Newton's third law is obeyed.
Action is delivered from the emitter by the photon to the absorber. The reaction
is delivered also from the absorber to the emitter by the photon. It is extremely
di�cult to explain the reaction the absorber give to the emitter by the retarded
wave of Maxwell theory.

From the retarded wave theory of Faraday and Maxwell, �eld propagation is
used between the emitter and absorber. In the beginning, the emitter sends the
�eld, since the �eld is sent to all direction, the force of the total action is zero,
the force of the total reaction of the �eld to the emitter is also zero. This is
OK, Newton's third law is satis�ed. When �eld is received by the absorber the
action come from the direction of the emitter to the absorber. The force of the
action to the absorber is not zero, the reaction is in the opposite direction. This
is also OK, Newton's third law is satis�ed. But the action from the emitter to
the �eld is not equal to the action from the �eld to the absorber. The reaction
of the absorber to the �eld is also not equal to the reaction of the �eld to the
emitter. Hence, the action and the reaction is not delivered correctly like the
photon does. Hence from current retarded �eld theory of Faraday and Maxwell,
we cannot obtained the same e�ect same as the photon can o�er.

1.3 Power of a system with N charges

There are two con�ictive theories for electromagnetic �elds. One is the theory
of Maxwell equations, another one is the theory of the action-at-a-distance.
Maxwell's theory claim that the �eld can be send from its source. The �eld can
be solved with Maxwell equations when the source is known. A single charge can
create the electromagnetic �eld and this �eld can exist independent to its source.
If we measured the �eld with a test charge, after the measurement when the test
charge is removed, the �eld we have measured still exists and does not vanish. In
other hand Schwarzschild, Tetrode and Fokker introduced the theory of action-
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at-a-distance, it is also referred as direct interaction[?, ?, ?]. In the theory of
action-at-a-distance, single charge cannot send the wave out. Tetrode said, �If
the sun stayed in empty space, it can not send light out�. The sun can send
light is because the absorber absorbs the light energy. The absorber can send
advanced wave to receive the energy. Dirac has applied advanced wave to explain
the damping force or self-force for the radiation of a moving charge[?]. Wheeler
and Feynman, designed the absorber theory according to the the principle of
the action-at-a-distance. In the absorber theory the electromagnetic �eld has
no its own freedom and the electron charge does not only sends the retarded
waves to the future but also sends advanced wave to the past [?]. Wheeler and
Feynman also introduced the concept of the adjunct �eld[?]. In the action-at-
a-distance principle, the electromagnetic �eld is an adjunct �eld which has no
its own freedom. This �eld is an action, which take place at least between two
charges: the emitter and the absorber. With only one charge, it cannot de�ne
an action, hence, a �eld. Hence, we can measure an electromagnetic �eld with
a test charge, but after the measurement, when the test charge is removed,
according to the principle of the action-at-a-distance, the �eld is not de�ned.
Since the action can only be created by at least two charges. Now if there
is only one charge, the source charge, it cannot produce a action! Field can
independent exist in the space or it is only bookmark for a action which can
only exist at least between two charges, this debate has continued for 100 years
until now. In this article the author will answer the question which is correct
for this debate.

What about the measured electromagnetic �eld, after the test charge is
removed? According to Maxwell's theory the measured �eld is still there, but
according to action-at-a-distance the �eld is not de�ned or doesn't exist. Which
theory is correct? Even there are many scientists supports the action-at-a-
distance and the absorber theory, they still cannot deny the Maxwell's theory,
because to answer this question cannot be done by a experiment, for example
test the �eld by a single charge. None knows the electromagnetic �eld exist or
not in the time we have removed the test charge. This question appears as a
philosophy problem instead of a problem of physics.

This is major problem of the classical electromagnetic �eld theory. Many
problem related this problem, for example, (1) wave and particle duality, (2)
quantum entanglement, (3) is the superimposition principle correct or not? (4)
the electromagnetic �eld is a real wave or a probability wave? advanced wave
exist or not and wave function collapse.

This author endorse the concept of the action-at-a-distance and introduced
the mutual energy principle[?]. For sure we know that the Maxwell's theory has
great value. Hence this author has combined the principle of action-at-a-distance
and the Maxwell's theory together in the mutual energy principle. According to
the mutual energy principle, the electromagnetic �elds still can be produced by
one charge. However the �elds must satis�es the mutual energy principle instead
of Maxwell equations. A electromagnetic �eld of a single charge cannot satisfy
the mutual energy principle. In order to satisfy the mutual energy principle,
there are at least two charges, one is the emitter, another is the absorber. The
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emitter can sends the retarded wave. The absorber can send advanced wave,
When these two wave take place in the same time or they are synchronized
together, the mutual energy principle is satis�ed and there are mutual energy
�ow which is produced between the emitter and the absorber. The mutual
energy principle can be solved to �nd the retarded wave for the emitter and the
advanced wave of the absorber. The two waves both the retarded wave and the
advanced waves satisfy two groups of the Maxwell's equations. There must be at
least be two group Maxwell's equations, one is for the emitter and another is for
the absorber. The time-integral of the mutual energy �ow is just the transferring
energy between the emitter and the absorber. The photon is nothing else, it
is just the mutual energy �ow between the emitter and the absorber. In the
mutual energy principle, the �eld still can be created by emitter or by absorber
alone, this is like the Maxwell theory. But two �elds are required to satisfy the
mutual energy principle.

1.4 The mutual energy theorem

Another important origin of the mutual energy principle is from the mutual
energy theorems. The work about the mutual energy theorems can be listed
as following. W.J. Welch has introduced time-domain reciprocity theorem[?] in
1960. In 1963 Rumsey shortly mentioned a method to transform the reciprocity
theorem to a new formula[?]. In early of 1987 this author has introduced the
mutual energy theorem [?, ?, ?]. In the end of 1987 Adrianus T. de Hoop
introduced the time domain correlated reciprocity theorem[?]. All these theories
are same theory in di�erent domain: Fourier domain or in time domain.

1.5 The development of the concept of mutual energy

This author believe the mutual energy theorem is strongly related to the energy
in physics instead of a mathematical theorem, for example the reciprocity theo-
rem, which only describes a relation or a transform. Hence the author �rst call
this theorem as mutual energy theorem instead of some kind of reciprocity the-
orem [?, ?, ?] in 1987. In that time the author spoke about the �mutual energy�
is base on the fact in the formula there is the term E1(ω) ·H∗2 (ω) that is exactly
what we have meet in electric engineering like V (ω)I(ω)∗, here V (ω) is voltage
and I(ω) is the current, ωis frequency. In the theory about the transformator,
there are also have the term like V1(ω)I2(ω)∗ which is corresponding to the
power of the mutual inductance term. In order to illustrate the mutual energy
theorem is really a energy theorem, the author also thought to prove the mutual
energy theorem from Poynting theorem. It is known that the Poynting theorem
is an energy theorem, if the mutual energy theorem can be proved from Poynt-
ing theorem, it can be sure also an energy theorem. If it is energy theorem, it
should has more meaningful compare to the Lorentz reciprocity theorem. And
because from the practice, the directivity diagram of a receiving antenna can be
obtained from only the mutual energy theorem or reciprocity theorem instead
of the the Poynting theorem, hence the mutual energy theorem should be also
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more important at the energy transfer between two antenna, the transmitting
antenna and the receiving antenna.

However the author failed to do so. Instead, the author derive the mutual
energy theorem from modi�ed reciprocity theorem[?]. This make the mutual
energy theorem look like a sub-theorem of the Lorentz reciprocity theorem. This
become a �aw in an otherwise perfect thing.

2014 the author comeback to the topic of the mutual energy theorem. First
the author found a literature which is very close to the mutual energy theorem,
the time domain correlated reciprocity theorem[?] writing by Adrianus T. de
Hoop in the end of 1987. The author proved that after a Fourier transform,
the time domain correlated reciprocity theorem become the mutual energy the-
orem. The mutual energy theorem was writing at early of 1987, hence it is also
meaningful[?, ?, ?]. Later the author also found the article about time-domain
reciprocity theorem[?], which is introduced by W.J. Welch in 1960. It is proved
that the time-domain reciprocity theorem[?] is a special case of the time-domain
correlated reciprocity theorem[?]. The author also found a article about the new
reciprocity theorem [?] which is introduced by Rumsey In 1963 which is similar
to the mutual energy theorem. Later this theorem has also been rediscovered
many times, for example [?].

It become clear that all other people call the mutual energy theorem as
some kind reciprocity theorem. Only the author call it a energy theorem,
hence I have to prove it is really a energy theorem. In 2014 this author
wrote the online publication discussed the relationship between the reciprocity
theorem, the mutual energy theorem and the Poynting theorem[?], in which
the author proved the mutual energy theorem from the Poynting theorem.
Another important thing is that the author also noticed that, if f1(t) and
f2(t) are waves for example the retarded wave, then a correlation formula´∞
t=−∞ f1(t + τ)f2(t)dt is a multiplication of this two forward waves with a
time di�erence. Hence two wave are all move forward. However the convolution´∞
t=−∞ f1(τ − t)f2(t)dt is a multiplication of a forward wave with the time-shift
back-ward wave. In the Fourier domain or ( frequency domain), the correla-
tion F{

´∞
t=−∞ f1(t+ τ)f2(t)dt} = f1(ω)f∗2 (ω), which is corresponding a output

power. It is reasonable that a output power is corresponding to a multiplica-
tion with conjugation of two retarded waves. In contrast, the Fourier transform
of the convolution of two waves F{

´∞
t=−∞ f1(τ − t)f2(t)dt} = f1(ω)f2(ω) are

multiplication without conjugation. Hence it is clear, that in the mutual en-
ergy theorem, the multiplication is with conjugation which is corresponding to
two wave move in the same direction. But in the Lorentz reciprocity theorem
the multiplication of two waves are without conjugation which is corresponding
two wave one is forward and another is backward. For example, in the circuit,
if voltage V and current I have the multiplication with conjugate V (ω)I(ω)∗

which is corresponding to two forward waves and hence corresponding to a power
or energy output. In contract, V (ω)I(ω) is corresponding a forward wave and
backward wave which is nothing to do with the power and energy. Now it is
clear the following mutual energy theorem is a energy theorem,
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−
"

Γ

(E1 ×H∗2 + E∗2 ×H1) · n̂dΓ =

˚

V

(E∗2 · J1 + E1 · J∗2)dV (1)

But the Lorentz reciprocity theorem[?, ?, ?],

"

Γ

(E1 ×H2 −E2 ×H1) · n̂dΓ =

˚

V

(E2 · J1 −E1 · J2)dV (2)

is not a energy theorem.
After it is clear to the author the mutual energy theorem is an energy the-

orem, the author know begin to understand that why we can calculate the
directivity diagram of the receiving antenna by using the reciprocity theorem
instead of Poynting theorem. It is because the mutual energy theorem actually
described the energy transferring from the transmitting antenna to the receiving
antenna. Since the reciprocity theorem is can be obtained by a conjugate trans-
form from mutual energy theorem, it can o�er the same directivity diagram of
the receiving antenna. The calculation of directivity diagram is also can be done
by directly apply the mutual energy theorem. Apply mutual energy theorem not
only can obtained the directivity diagram of the receiving antenna but also can
calculate the current on the receiving antenna. On the contrast, the reciprocity
theorem cannot be applied to calculate the current distribution on the receiving
antenna J2. The triumph of the mutual energy theorem also decrease the value
of Poynting theorem as a energy theorem. At lease the energy transfer between
the transmitting antenna to the receiving antenna, is correctly described by the
mutual energy theorem instead of the Poynting theorem.

The author also notice that in the proof of the surface integral are 0, W.J.
Welch introduced the concept of advanced wave. He point out the retarded wave
ξ1 = {E1,H1} and the advanced wave ξ2 = {E1,H1} cannot reach in in�nite
big sphere Γ in the same time and hence the surface integral in the following
time domain reciprocity theorem will vanish.

−
∞̂

t=−∞

"

Γ

(E1 ×H2 + E2 ×H1) · n̂dΓdt

=

∞̂

t=−∞

˚

V

(E2 · J1 + E1 · J2)dV dt (3)

This proof is much nature compare when author to prove the surface integral
vanish compare in Fourier domain to prove the surface integral in Eq.(1) van-
ishes. The proof in the Fourier domain looks like it just very lucky the surface
integral vanished. The author has the felling if for example the frequency of the
signal just change a little bit the theorem will be violated. However advanced
wave is di�cult to be understood. In order to apply this theorem to the an-
tenna, the �rst question to the author is that does the receiving antenna really
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sends the advanced waves? The author originally has the concept that a wave
can converge to a point, this wave can be called receiving wave, or convergent
wave. The di�erent from the convergent wave to the advance wave is that for
a convergent wave the current J2 can only in�uence by the wave, but for an
advanced wave the current J2 is the source, it will in�uence the wave when
the wave is sent out. Since this wave is sent to the past, a current event can
in�uence a past event. This violate the causality.

Even their has some confusion to the author, the author believe the energy
transfer for two antenna the transmitting antenna and the receiving antenna is
done through the mutual energy theorem. The author also thought about the
photon, which actually is a mall system of two antenna, the emitter is a small
transmitting antenna, the absorber is a small receiving antenna. The energy
is transferred from emitter to the absorber through these two small antennas.
The transferred energy is the photon.

In the middle of 2015, this author begun to search the publications about
advanced potential, advance �eld and advanced wave. Among this kind of work,
this author noticed the book of Lawrence Stephenson[?] and read it with great
interesting especially the topic about the advanced potential and his talk about
the reciprocity theorem. To this author his talk about the reciprocity theorem,
the author knows actually should be for the mutual energy theorem. Afterwords
this author noticed the absorber theory of Wheeler and Feynman[?, ?, ?] After
read all these publications, the author begin to understand the advanced wave
and believe it is a real thing in physics. This author begun to work at building
a photon model with classical electromagnetic �led theory[?, ?]. In the same
time the author noticed the work of John Cramer's transactional interpretation
for quantum physics [?, ?]. He has many interesting idea ahead and similar to
the author.

After it is clear to the author that the antenna energy is transferred by the
mutual energy, the author have to ask if there is a energy �ow go from the emitter
to the absorber? It is not prove there is a mutual energy �ow[?, ?]. The time
integral of the mutual energy �ow is equal at any surface between two antenna,
the transmitting antenna and the receiving antenna. The author call this the
mutual energy �ow theorem, this is a theorem further stronger the mutual energy
theorem, it further prove the energy transfer from the transmitting antenna to
the receiving antenna is through the mutual energy �ow theorem.

All above this author's work is about the mutual energy, and mutual energy
�ow. However in the electromagnetic �eld in order to produce the mutual energy
and mutual energy �ow, the self-energy and the self-energy �ow will be created
as a side e�ect. The self-energy �ow is the �eld of the single charge. This energy
�ow has been spread to the entire space. This will cause that the energy of the
charge will be lost and go out o� our space. This is unbelievable. A guess to solve
this problem is that this self-energy wave collapse to its target. The retarded
wave from the emitter will collapse to the absorber. The advanced wave of the
absorber will collapse to the emitter. This author do not support the concept
about the wave function collapse. Since if there are partition board between
the emitter and the absorber. If there is a hole in each partition board. The
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light can go through these holes from the emitter to the absorber. According
to the wave function collapse, the wave must collapse at each holes. The wave
collapse once at the absorber is strangle enough, if the wave collapse N times
in all holes, that is unbelievable. Hence this author trend that the self-energy
�ow collapse to its source that means the wave is time-reversal returned. About
the thought and sought the what about e�ect about the self-energy �ow is also
written on the photon model of the author [?, ?].

In April of 2016 when the author begin to check the Poynting theorem energy
output of N charges, the author noticed that the formula obtained from N
charges has a over estimation about the energy. The author immediately realized
that there is bug of Poynting theorem and also the bug of current the theorem of
the retarded wave of Maxwell. The author have upload one online publication[?].
By solving this bug, it is clear to the author that the self-energy �ows described
by the Poynting theorem are time-reversal-returned, instead of collapse to its
target. This time-reversal-returning process is a time reversal process which can
be described with time-reversal Maxwell's equations.

In the same time the author also made some other online publication which
are one article to check whether the reciprocity theorem is correct or the mutual
energy theorem is correct in lossy media[?]. The conclusion is that the mutual
energy theorem can be extended to the lossy media, but the reciprocity theorem
cannot. The author also wrote an article about photon and particle duality [?].

The theory about mutual energy, mutual energy theorem, mutual energy
principle and mutual energy �ow, self-energy principle are also widen to quan-
tum physics theory [?]. A new interpretation for quantum physics, the mutual
energy �ow[?].

The author also introduced a method to test the advanced wave [?].

1.6 Self-energy, mutual energy and time-reversal-return

process

If there are two �elds, when they are superposed, there are

E = E1 + E2 (4)

H = H1 + H2 (5)

As a example we assume that ξ1 = [E1, H1] are retarded �eld and ξ2 = [E2, H2]
is advanced �eld. The Poynting vector are,

E ×H = (E1 + E2)× (H1 + H2)

= E1 ×H1 + E2 ×H2 + (E1 ×H2 + E2 ×H1) (6)

In the right side of the formula, the �rst item E1 ×H1 corresponding the
self-energy and self-energy �ow of the retarded wave. The second item E2×H2

is corresponding to the self-energy and self-energy �ow of the advanced wave.
The third item (E1×H2 +E2×H1) is corresponding to the mutual energy and
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mutual energy �ow. Hence the mutual energy is corresponding the addition part
of energy because the two �eld is superposed. The mutual energy and mutual
energy �ow can also be produced if the two �elds are all retarded or all advanced.

This author believe that advanced wave and retarded wave can be superposed
and interfere with each other. Many other authors even do not believe the
advanced wave, hence they will not think about whether or not a advanced
wave can superposed with a retarded wave. The two retarded waves or two
advanced waves can also produce the mutual energy and also mutual energy
�ow, but the most important mutual energy �ow are the mutual energy �ow
produced by a retarded wave and an advanced wave. This kind mutual energy
�ow is responsible for the energy transfer. In this article the author will prove
that the self-energy and self-energy �ow do not produce or contribute to the
energy transfer between the emitter and the absorber.

The self-energy �ows will time-reversal return to their sources, either emitter
or absorber. time-reversal return is a process in which the sent wave returns
back from the whole space to its source satisfying the time-reversal Maxwell
equations. The time-reversal Maxwell equations are not a Maxwell equations.
In this article the wave function collapse process is that the wave sent form its
source to the whole space suddenly go to its target. Hence the retarded wave
sent from emitter will collapse to its absorber. The advanced wave sent from the
absorber will collapse to its emitter. For the time-reversal-returning process the
wave sent from the emitter will time-reversal return to the emitter. The wave
sent from the absorber will time-reversal return to the absorber. Hence time-
reversal-returning process is a total di�erent process compare to the collapse
process. This article will talk more details about the time-reversal-returning
process. The author believe the self-energy time-reversal-returning process to-
gether with the mutual energy �ow transfer the energy from the emitter to the
absorber will be equivalent to a collapse process. However the collapse process
cannot be described by any equations, a time-reversal-returning process can be
described by time-reversal Maxwell equations. Hence a time-reversal-returning
process is much more �real� than a collapse process. It should point out the time-
reversal Maxwell equations are not Maxwell equations, they only looks like the
Maxwell equations. The author believe corresponding to the retarded wave and
the advanced wave their are two time-reversal-returning processes which can be
described by the time-reversal Maxwell equations. The author believes there ex-
ist no the collapse process for photon, there only exist the time-reversal-return
processes and a energy transfer process described by the mutual energy �ow.

1.7 What will be done in this article

In this article the author will review the whole concept about the mutual en-
ergy, mutual energy theorem, and mutual energy �ow theorem, mutual energy
principle and the self-energy principle. The author will try to to persuade the
reader to accept these new theories. Considered the author has overturned many
our traditional principles, for example the superposition principle is wrong, the
Poynting theorem does not send energy out, the Lorentz reciprocity theorem
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is not a wrong physical theorem because it change the advanced wave (which
is real) to a retarded wave (which is false), wave function collapse need to be
replace by two time-reverse-return process and a mutual energy �ow process,
Maxwell equations are remedied by adding 4 new equations, these all together
are too di�cult to be accept by any readers, the author will explain the concepts
with extremely more details.

In this article the author also introduced some new concept which are fol-
lowing,

(1) We �rst introduced the ideal of strong mutual energy theorem. This will
distinguish the original mutual energy theorem[?, ?, ?] with the new mutual
energy theorem derived from the mutual energy principle. The original mutual
energy theorem tell us there is a part of energy sent out by the transmitting
antenna which is received by the receiving antenna. This theorem looks trivial.
It is clear there are some energy will be sent from the transmitting antenna to
the receiving antenna. The new mutual energy theorem tell us all the energy
sent from emitter is received by the absorber. There is no any energy has been
lost in the empty space. Hence, the new mutual energy is much stronger and
meaningful compare to the original mutual energy theorem.

(2) the e�ect of the action-at-a-distance is shown by the strong mutual energy
theorem. Especially the recoil force which is the e�ect of the mutual energy �ow.
Since the mutual energy �ow is consist of the advanced �eld, it has ability to
o�er a recoil force to the emitter, this recoil force happens at the current time
that the emitter sends a retarded wave out. The emitter sends the retarded
wave out, the retarded wave reach the absorber need some time T , but the
absorber sends the advanced wave back to the emitter which needs a negative
time −T , the total time when the action from the emitter to the absorber and
the reaction from absorber to the emitter is a time T + (−T ) = 0.

(3) In this article we begin added a new kind of mutual energy and mutual
energy �ow, the time-reversal mutual energy �ow. This kind mutual energy
�ow can be used to explain if there is a race situation, hence the two absorber
all received only a half photon. In this situation, the half photon needs to be
returned. This will guarantee the transactional process of the whole photon
energy package can be implemented.

(4) Mechanics law of Newton has been explained. Newton third law is that
the force of action and the force of the reaction is equal and in the opposite
direction. This law can be expanded as a remote law, the two objects can
separated a distance. In this case, there still exist the expanded third law.
That is the recoil force (reaction) which is equal to the force (action) to the
remote object. The direction of the recoil force is in the opposite direction of
the action force.

In this article when we speak about Maxwell equations, we will explicitly
distinguish the two di�erent situations, the �rst is the Maxwell equations for N
(many) charges and the second situation Maxwell equations is only for a single
charge. The �rst is written as MCMEQ (many-charge Maxwell equations),
the second is written as SCMEQ (single-charge Maxwell equations). If the
electromagnetic �elds can be superimposed, It is easy to prove MCMEQ from
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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.

2 Conclusion

2.1 What have done

This article discuss how to solve the wave-particle duality. The author started
from the Maxwell equations and superposition principle. The author thought
that the photon should also satisfy these two conditions. Moreover the author
adds an additional condition, energy conservation condition. Originally with
Maxwell equations, and superposition principle, the electromagnetic �eld can
be solved. When a new condition is added on the top of the two conditions,
too many condition will make the system without a solution. This is called
con�ict. When con�ict happens the author has to solve the con�ict. This leads
the self-condition. The self-condition tells us that the energy items and the self-
energy �ow must vanish at all. From this the author obtained the mutual energy
formula, the author found that the mutual energy formula do not con�ict with
all the above 3 conditions. Because the above 3 condition con�ict with each
other, the author call the mutual energy formula as mutual energy principle. It
is used as axiom of the author's new electromagnetic �eld theory. This theory
works also with photon.

Maxwell equations can be derived from the mutual energy principle. How-
ever, this time the Maxwell equations are not original Maxwell equations, this
time there are additional conditions to the Maxwell equations. The Maxwell
equations must be a pair, one is applied to the retarded wave and another is
applied to the advanced wave. The two groups of Maxwell equations must be
synchronized together. The together synchronized two waves produces the mu-
tual energy �ow which is a photon's energy �ow. This way in the author's theory
the advanced wave cannot be avoid.

It noticed that the Maxwell equations are not always correct. For single
charge even it is moved with acceleration or deceleration, there is no any �eld
can be sent out if this wave did not �nd a counterpart wave to match. Hence
in this time the Maxwell equations are not correct. Maxwell equations are only
partially correct or correct in some probability.

If there are two waves synchronized, one is retarded wave one is for the ad-
vanced wave, in this time the two groups of Maxwell equations are satis�ed.
Even Maxwell equations are only partially correct or correct in some probabil-
ity, they still need the self-energy �ow do not vanish. This is con�ict with the
self-energy condition. The self-energy condition require that all the self-energy
items, the self-energy �ow must vanish. This is second time the author meets
a con�ict. In this time in order to solve the con�ict, the author has added
2 time-reversal-return waves, one is corresponding to the retarded wave, one
is corresponding to the advanced wave. The time-reversal-return waves bal-
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ance out the two self-energy or self-energy �ows of the retarded wave and the
advanced wave. The self-energy �ows and the time-reversal-return self-energy
�ow together will cancel each other and do not produce any energy �ow. The
energy �ow between emitter and the absorber is produce by the mutual energy
�ow which is built with the retarded wave of the emitter and the advanced wave
of the absorber.

This way a photon can be described. The photon is produce by 4 waves
instead of one or two waves, i.e. the retarded wave, the advanced wave and
the two corresponding to time-reversal-return waves. There are 6 energy �ows.
Corresponding to the 4 waves there are 4 energy �ows, but the retarded wave
and the advanced wave can produce an additional energy �ow which is the
mutual energy �ow. The two time-reversal-return waves also produce a time-
reversal-return mutual energy �ow. Hence there are two mutual energy �ow.
The mutual energy �ow is responsible to transfer the energy from emitter to
the absorber. This energy is the photon's energy. The time-reversal mutual
energy �ow is applied in case a race condition happened. In case of race, the
time-reversal mutual energy �ow is responsible to bring the energy of a half
photon back to the emitter.

Since in the author's theory the energy can �ow from absorber back to the
emitter, the energy can vibrate back and forth, this guarantees that the energy
can �ow on the detector screen. This looks like a wave function collapse process.
Hence the wave function collapse process is also solved with the 2 mutual energy
�ows and the 4 self-energy �ows together.

2.2 The self-energy and the mutual energy principles

This article describe the self-energy principle in details. First we notice there
is a over estimation for the power of a system with N charges. This over
estimation leads to all self-energy items in Poynting theorem for N charges
vanish, which in turn leads to the mutual energy principle. The mutual energy
principle is suitable to a electromagnetic system with at least two charges. The
mutual energy principle for a system with only two charges can explain a normal
photon. A photon is a electromagnetic system with two charges. One charge
is the emitter and another charge is the absorber. From the mutual energy
principle we have know that if the emitter randomly send retarded wave and the
absorber randomly send advanced wave, when the two waves are synchronized,
the mutual energy �ow is produced, which is the photon. Since the emitter and
the absorber satisfy the Maxwell equations, which leads to that the self-energy
�ow should not vanish which in turn con�ict with the self-energy condition.
This con�ict in turn leads this author to introduce a time-reversal-return wave,
which is a time reversal process. The time-reversal-return waves, hence, should
satisfy the time reversal Maxwell equations. This time-reversal-return wave
balance out all self-energy �ow and self-energy items. This also avoids a wave
function collapse process. After this two principles are introduced, the whole
electromagnetic theory includes the wireless frequency band and light frequency
band are all united.
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After we have introduced the self-energy principle, in which the time rever-
sal process for the retarded wave and advanced wave are introduced, all the
waves are physical waves, which satisfy the mutual energy and the self-energy
principles. The probability phenomenon of the photon is also o�ered a good
explanation. Photon is a system with two charges, one is the emitter, another is
the absorber. The emitter from higher energy level jump to lower energy level
and randomly sends the retarded wave. The absorber from lower energy level
jump to a higher energy level and randomly sends the advanced wave. These
waves are very short time signal. In case the retarded wave and the advanced
wave just take place in the same time, the two waves are synchronized, the
mutual energy �ow is produced, which is the photon. No mater the mutual
energy �ow is produced or not the self-energy items and self-energy �ows are
time-reversal returned with a time-reversal process which satisfy time-reversal
Maxwell equations.

In this electromagnetic theory, the superimposition principle for the elec-
tromagnetic �elds are not assumed, since it is problematic. The �eld can be
superposed only at the charge. In the space where without a charge, if all �eld
are superposed, the energy will have a overestimation. In the place of a charge,
the �eld is also de�ned by all other charge do not include the charge itself. It
lucky that the theory of the self-energy principle and the mutual energy principle
do not dependent to the superposition principle.

Maxwell equations are also not used as axioms, since the relationship of the
two solutions retarded wave and advanced wave cannot be clearly obtained from
them, which can only be obtained by the mutual energy principle. If Maxwell
equations are used as starting point, the people always will ask, there are two
solution one is retarded wave and another is advanced wave, are them all physical
solutions? Another reason Maxwell equations are not applied as axioms is that
the superimposition principle is problematic, even Maxwell equations for single
charge is correct we cannot from them to deduce that the Maxwell equation still
correct for N charges. This reduce the usefulness of Maxwell equations. Started
form Maxwell equations can also very di�cult to obtained the time-reversal-
return waves.

Instead the Maxwell equation, the self-energy and the mutual energy princi-
ples become the axioms of the electromagnetic theory. This theory will cover all
frequency bands, for example wireless wave, microwave, light wave, x-ray wave
and gamma wave and so on. In author's theory Maxwell equations are only
correct, in case there are at least two group equations, one is for the emitter
and another one is for the absorber. Any waves sent by single charge has no
e�ect to other world since there is a time-reversal-return wave just balance out
or canceled it. In this case we can think the Maxwell equation is wrong, or we
can think it is correct, but since there is a time-reverse-return wave which has
balance out all energy �ow send out. Hence the wave described by the Maxwell
equations does not transfer any energy.
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2.3 New results for electromagnetic �eld theory and pho-

ton theory

(1) photon is system which consists of 4 waves and 6 energy �ow instead of 1
wave and 1 energy �ow.

(2) Maxwell equations are only partially correct or correct with some proba-
bility. This explained the reason why in quantum mechanics the wave is proba-
bility wave. The author have added two time-reversal Maxwell equations to the
original Maxwell equations, hence now a photon is consist of 4 waves. These
4 wave will created 4 energy �ow. There are two additional energy �ow, the
mutual energy �ow and the time-reversal energy �ow.

(3) The superposition principle are wrong. The �eld can only be superposed
at the position where there is a charge. In the place of charge, this charge cannot
be included in the calculation of the �eld. In any other place where there is no
charge, the energy and energy �ow can be calculated through the mutual energy
principle where summation is

∑N
i=1

∑N
j=1,j 6=i , instead of

∑N
i=1

∑N
j=1.

(4) The Poynting theory for N charges are wrong. Poynting theory for N
charges tell us that there are energy �ow from this N charge go outside the
in�nite big sphere, which lead the energy lose to the outside of our universe.
That is wrong. The correct results are take out all the self-energy items. After
take out all self-energy items, the mutual energy principle is obtained. The
mutual energy principle is correct. Which can be see as updated version of
energy law compare to the Poynting theorem.

(5) We have obtained the mutual energy theorem. This new mutual en-
ergy �ow theorem is a much stronger results compare to old mutual energy
theorems[?],[?],[?, ?, ?] and [?]. The old mutual energy theorem tell us that
there is part of energy sent from transmitting antenna will be received by the
receiving antenna. That means the most energy sent from the transmitting an-
tenna has sent to other place instead of the receiving antenna. The new mutual
energy theorem tell us that all the energy sent out from the emitter is received
by the absorber. There is no any energy sent from the emitter is lost to the
empty space. This energy sent by emitter is received all by an absorber. This
energy just describes the photon. We also introduced the mutual energy �ow
theorem, which tells that the energy transferred in any complete surface be-
tween the emitter and the absorber are equal to the the energy of the photon.
The mutual energy �ow is a inner product between the retarded wave and the
advanced wave.

(6) The mutual energy �ow is thin in two ends close to the emitter and the
absorber, and the mutual energy �ow is thick in the middle between the emitter
and the absorber. Hence it is the so called particle wave. It allows this wave to
look like a particle at two ends and to look like a wave in the middle between to
ends. If the mutual energy �ow go through a double slits in a separation board,
it is clear the interference patterns will be created. In the place the wave is sent
by the emitter and the place the energy is received by absorber the energy will
be concentrated to a very small region which looks like a particle.

(7) Self-energy �ows do not transfer any energy from emitter to the absorber.
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4 self-energy �ows all cancel or balance out. The energy is transferred only by
the mutual energy �ow. The time-reversal mutual energy �ow is responsible to
return the half photon from the absorber to the emitter in case of race or half
photon situation happens.

(8) The author obtained the energy conservation for the wave of the photon.
The retarded wave of Maxwell equations cannot make the energy conservation.
The energy sends out from a emitter go all di�erent directions and do not run to
the absorber, it need a wave function collapse process to make energy conserved.
But wave function collapse does not have any formula to describe and hence is
a very rough theory. Our mutual energy �ow theorem guarantee the energy is
�ow from emitter to absorber, the mutual energy �ow theorem tell us in any
surface between the emitter and the absorber the energy �ow are all equal. This
guarantees the energy is conserved.

(9) The momentum is also conserved. We know even the wave collapse can
make energy conserved for the retarded wave of Maxwell equations, it still can-
not make the momentum conserved. The retarded wave sent from the emitter
to all directions and hence the total momentum is 0. But when the absorber
received the momentum, the momentum is not zero (the direction is from the
emitter to the absorber). We have the mutual energy �ow theorem which also
guarantees the momentum is sent from the emitter to the absorber and hence
the momentum is also conserved.

(10) The macroscopic theory of the electromagnetic �eld theory can be ob-
tained from the particle wave of the photon which is the mutual energy principle
and self-energy principle. Hence, the in�nite particle wave can build a macro-
scopic wave. The macroscopic Maxwell theory is still correct, if there are in�nite
absorbers which are distributed on the in�nite big sphere. The superposition
principle for the macroscopic wave is still correct approximately.

(11) In this theory shows it is clear that the mutual energy theorem and the
mutual energy �ow theorem is a correct energy theorem and physical theorem.
Then it is also clear that the Lorentz reciprocity theorem is only a mathematical
transform of the the mutual energy theorem. The Lorentz reciprocity theorem
can be obtained from the mutual energy theorem with a conjugate transform.
The conjugate transform modi�ed the advanced wave to a retarded wave. Hence
in the Lorentz reciprocity theorem the advanced �eld will not appear. Many
people do not accept the advanced wave, hence they like the Lorentz theorem.
However Lorentz theorem is only an arti�cial theorem which hidden the ad-
vanced wave and the mutual energy theorem. However this article also shows
the advanced wave exist. The receiving antenna should send the advanced wave
instead the retarded wave or do not send any wave.

(12) The author has introduced a new interpretation for quantum mechan-
ics. It can be referred as the mutual energy �ow interpretation of quantum
mechanics. This interpretation is similar to the transactional interpretation of
John Crammer, because the retarded wave and advanced wave are all applied.

In the new interpretation the probability wave is because the Maxwell equa-
tions are only correct partially. Actually the retarded wave is sent by the emitter
randomly and the advanced wave is sent by the absorber randomly. Only when
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they are synchronized, the photon energy can transfer from emitter to the ab-
sorber. The Maxwell equations are correct this time. Otherwise the energy
�ow of the corresponding Maxwell equations are time-reversal-returned to the
emitter or absorber and hence doesn't have any e�ect.

The collapse process can be seen as the together with the mutual energy
�ow transferring the energy and the time-reversal-return of all self-energy. In the
author's theory the race situation is also no problem, half photon is allowed to be
returned to the emitter through a time-reversal mutual energy �ow. Comparing
to the transactional interpretation of John Crammer, the author's theory is
not only a interpretation, it is a whole theory with details and formulation.
Especially 4 additional time-reversal Maxwell equations are added to the original
Maxwell equations which remedy the original Maxwell theory.

(13) Compare to the theory of action-at-a-distance, originally the Maxwell's
�eld theory is only mathematically simpler than the action-at-a-distance theory,
but it contains con�icts. Now with the self-energy and mutual energy principle
the �eld theory is remedied, the con�ict is eliminated. It is not only simpler but
also correct compare to the theory of the action-at-a-distance.
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