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Dirac, Wheeler Feynman, and Cramer proposed the electromagnetic theory idea of current el-
ement generating half retarded wave and half advanced wave. The author further refined this
idea. Proposed the laws of mutual energy flow and conservation of energy. And thus established
a new set of electromagnetic theories. For calculating electromagnetic wave radiation of current
elements, Maxwell’s electromagnetic theory requires electromagnetic radiation to meet the bound-
ary conditions of Sliver Muller. In the author’s new theory, this boundary condition is replaced by
the charge of the absorber covering the infinite sphere. The author assumes that these absorbers
are sinks and will generate advanced waves. The radiation of the current element is a retarded
wave. This retatarded wave and advanced wave form a mutual energy flow. The author believes
that these mutual energy flows are photons. The sum of the energy of countless photons is the
macroscopic electromagnetic radiation of the current element. This radiation should be consistent
with the Poynting energy flow in classical electromagnetic theory. If the two are indeed consistent,
it indicates that the two theories of electromagnetic radiation are equivalent. The author proves
that the two theories are indeed equivalent. In this proof, the author also addresses an inherent
loophole in Poynting’s theorem. In addition, the author found that due to the introduction of sinks,
both the field and potential must be compressed to the original %50. This corresponds precisely
to the current generating either a %50 retarded wave or a %50 advanced wave. In this way, the
author’s electromagnetic theory can be seen as the lower level electromagnetic theory of Maxwell’s
electromagnetic theory. This macroscopic electromagnetic wave is composed of countless photons.
Photons are mutual energy flows, which are composed of retarded waves emitted by the sources and
advanced waves emitted by the sinks.
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I. INTRODUCTION

In 1938, Dirac proposed a scheme for electromagnetic
radiation to solve the self source problem, which in-
cluded half retarded wave and half advanced wave [6].
In 1945, Wheeler Feynman further developed this con-
cept into the absorber theory [1, 2]. Another starting
point of absorber theory is the principle of action-at-a-
distance[7, 23, 25]. In 1986, Cramer proposed a quantum
mechanical transactional interpretation based on the ab-
sorber theory [3, 4]. The transactional interpretation sug-
gests that the source will emit a retarded wave, which is
an offer wave. The sink will emit advanced waves, which
are confirmation waves. On the connection between the
source and sink, the retarded wave and the advanced
wave are superimposed. Outside this connection, the re-
tarded wave and advanced wave will cancel each other
out. This creates a photon between the source and sink.
In addition, Stephen’s advanced wave theory [24] also
had a significant impact on the author.

On the other hand, Welch proposed the time-domain
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reciprocity theorem in 1960 [26]. This time-domain reci-
procity theorem considers both retarded and advanced
waves. The author proposed the mutual energy theorem
in 1987 [8, 27, 28]. And propose the concept of the in-
ner product of two electromagnetic fields. De Hoop pro-
posed the reciprocity theorem for cross correlation in late
1987 [5]. Welch’s time-domain reciprocity theorem and
De Hoop’s cross correlation reciprocity theorem can be
transformed into mutual energy theorem through Fourier
transform. Therefore, Welch’s time-domain reciprocity
theorem and De Hoop’s cross correlation reciprocity the-
orem and mutual energy theorem can be regarded as one
theorem. Everyone has different understandings of this
theorem, and when we call it the reciprocity theorem, we
position it as a mathematical formula. It’s not a physical
formula. When we call it the energy theorem, we nat-
urally consider it a physical theorem, not just a mathe-
matical theorem. Following the author’s viewpoint, these
three theorems can be collectively referred to as the mu-
tual energy theorem.

In 2017, the author proposed the mutual energy flow
theorem based on the absorber theory, quantum mechan-
ics transactional interpretation, and the author’s pro-
posed mutual energy theorem. Mutual energy flow is
the inner product of two electromagnetic fields proposed
by the author in 1987 [8, 27, 28]. The author further be-
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lieves that the mutual energy theorem is actually a law of
conservation of energy. Combining the concept of mutual
energy flow mentioned above, the mutual energy theorem
becomes a localized law of energy conservation. The au-
thor found that the energy conservation law cannot be
derived from Maxwell’s equation, and it can only be de-
rived one step back to obtain an energy theorem. This
indicates that Maxwell’s electromagnetic theory and this
law of energy conservation are contradictory.

In order to solve this contradiction, the author has pro-
posed various solutions, including the self energy collapse
scheme and self energy flow are reactive-power scheme
[10–12][13–17].[18–22]. This constitutes a new electro-
magnetic theory.

The author’s theory suggests that the source will gen-
erate retarded waves and the sink will generate advanced
waves. The retarded wave and advanced wave form a
mutual energy flow. The mutual energy flow is a photon.
The common effect of countless mutual energy flows is
macroscopic electromagnetic waves.

This article attempts to prove that although the elec-
tromagnetic theory proposed by the author differs greatly
from Maxwell’s electromagnetic theory, the electromag-
netic radiations of the antenna in the far field obtained
by both theoretical methods are almost the same. There-
fore, the two theories are equivalent at the level of macro-
scopic electromagnetic waves.

The contribution of this article (1) provides the under-
lying reasons for the law of conservation of energy and
the law of radiation does not overflow the universe. This
reason is that there is no ether. Electromagnetic field the-
ory should not rely on ether. The correct theory is the
interaction and reaction between charges, i.e. the action
at a distance. (2) A new boundary condition for solving
electromagnetic field problems has been proposed, which
states that the retarded and advanced waves of the elec-
tromagnetic field on the surface of the current cannot
cancel each other, but should be enhanced by superpo-
sition. (3) Emphasize that electromagnetic field theory
should be a retarded field rather than a retarded poten-
tial. (4) Due to the fact that not only the source of light
generates energy flow, but also the sink generates energy
flow, the energy flow will double. To solve this prob-
lem, there are two solutions. The first is to compress the
amplitude of the retarded wave and the advanced wave
by %50. In this way, the current element generates ei-
ther a half retarded wave or a half advanced wave. The
second is to compress the mutual energy flow by% 50.
(5) Macroscopic electromagnetic waves are composed of
photons. Photons are composed of mutual energy flows.
The mutual energy flow is composed of retarded waves
and advanced waves. The mutual energy flow is gener-
ated at the source and annihilated at the sink. The re-
tarded wave and advanced wave interfere with each other
to form a photonic waveguide. Photon energy is trans-
ferred from the source to the sink through a photonic
waveguide. Both retarded and advanced waves in pho-
tonic waveguides are quasi-plane waves.

II. AUTHOR’S ELECTROMAGNETIC THEORY

A. Maxwell’s equation

In the author’s electromagnetic theory, the Maxwell
equation is an auxiliary equation. In the author’s elec-
tromagnetic theory, Maxwell’s equation is not considered
an axiom. Wheeler and Feynman expressed doubts about
the Maxwell equation in the absorber theory [1, 2]. They
said that the electromagnetic field in Maxwell’s equa-
tion is only a record of the action-at-a-distance theory,
and does not have its own degrees of freedom. Although
they suspected that there was something wrong with the
Maxwell equation, they did not find a way to correct it.
The author abandons the Maxwell equation here, but re-
tains some theorems derived from the Maxwell equation,
mainly those related to Poynting’s theorem. In addition,
add some electromagnetic laws that the author believes
should be in place.

B. action-at-a-distance theory and the law of
energy conservation

In the author’s electromagnetic theory, electric and
magnetic fields use capital letters. This is because the
author believes that this theory is closer to the mag-
netic quasi-static theory. Our magnetic quasi-static the-
ory here is written in capital letters.

The author’s theory is the theory of action-at-a-
distance theory. This theory is not an ether theory. This
theory suggests that there is only an interaction between
charges (currents). Electric current cannot transmit en-
ergy to the ether. Alternatively, current can transmit
energy to the ether, but the ether must ultimately re-
turn the energy to the current. Therefore the law of
conservation of energy is,

N∑
i=1

N∑
j=1,j 6=i

ˆ ∞
t=−∞

dt

ˆ
V

(Ei · J j)dV = 0 (1)

This law of conservation of energy is not only valid for
magnetic quasi-static conditions, but the author believes
that it also holds when considering radiated electromag-
netic waves. This is because if the system has N current
elements, energy can only propagate between these N
current elements. If the the energy of J i increases, there
will definitely be another current element J j lost the en-
ergy. It is not allowed to hand over energy to the ether
or field, and let the ether or field transfer energy again.
Or to put it further, if a certain current transfers energy
to the ether, ultimately these energies must be returned
to their original owners.
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C. Any current generates half retarded and half
advanced waves

The author originally considered that the current ele-
ment of the emitter generates a retarded wave, while the
current element of the sink generates a advanced wave.
But current elements are either sources or sinks, it is
difficult to distinguish when they should be sources and
when it should be sinks. Therefore, the best solution is
for the current element, whether it is a source or a sink,
to simultaneously generate half the retarded wave and
half the advanced wave. This is mathematically consis-
tent. Dirac [6], Wheeler Feynman [1, 2], Cramer’s theory
[3, 4] are all like this.

D. The law of radiation does not overflow the
universe

Considering that nothing can escape beyond the uni-
verse, therefore electromagnetic fields cannot overflow
the universe. Therefore, there should be,

ˆ ∞
t=−∞

"
Γ

(E ×H) · n̂dΓ = 0 (2)

This formula indicates that electromagnetic waves can-
not overflow the universe. Where Γ is a sphere with
an infinite radius. The integral of the Poynting vector
S = E×H on this sphere must be zero. This axiom con-
tradicts classical electromagnetic theory. The integral of
the Poynting theorem in classical electromagnetic theory
is generally not zero. This precisely indicates that the au-
thor’s electromagnetic theory is different from Maxwell’s
electromagnetic theory. This also lead to the following,

<
"

Γ

(Ei ×H∗i ) · n̂dΓ = 0 (3)

<
"

Γ

(E∗i ×Hj + Ei ×H∗j ) · n̂dΓ = 0 (4)

The above two equations indicate that neither self energy
flow nor mutual energy flow can overflow the universe.
(3) it indicates that the electric field must maintain a 90
degree phase difference from the magnetic field. So,

<Ei ×H∗i = 0 (5)

Therefore, there is (3). The above formula requires elec-
tric and magnetic fields Ei , Hi is a reactive power wave.
The average value of energy transmitted forward by this
reactive wave is zero.

E. Law of the mutual energy flow

The energy flow law is established,

−
ˆ ∞
t=−∞

dt

ˆ
V

(E2·J1)dV = (ξ1, ξ2) =

ˆ ∞
t=−∞

dt

ˆ
V

(E1·J2)dV

(6)

(ξ1, ξ2) ,
ˆ ∞
t=−∞

dt

"
Γ

(E1 ×H2 + E2 ×H1) · n̂dΓ (7)

Note that in the author’s theory, it is stated that not
only under magnetic quasi-static conditions, but also in
the presence of electromagnetic wave radiation, the above
two equations hold as the law of energy conservation.
This is different from under the conditions of Maxwell’s
equation. Under the conditions of Maxwell’s equation,
the above two equations can only serve as energy theo-
rems and cannot be established as laws of conservation
of energy. In outher’s theory, the above two equations
are not only laws of energy conservation, but also local-
ized laws of energy conservation. Localization here refers
to the energy being transmitted through the energy flow!

Γ
(E1×H2 +E2×H1) · n̂dΓ. The author will no longer

prove the law of mutual energy flow here. This proof can
be referred to [9].

F. Retarded field instead of retarded potential

As we mentioned earlier, electromagnetic fields should
satisfy the requirement that radiation does not overflow
into the universe, which requires the formulas (3,5) to
be satisfied. The simplest way to satisfy these formulas
is to always keep the phase of the electric and magnetic
fields consistent. We know that under quasi-static mag-
netic conditions, the electric and magnetic fields main-
tain a phase difference of approximately 90 degrees. If
the phase difference between the electric and magnetic
fields remains the same after this, the formula (5) can be
satisfied.

Maxwell’s electromagnetic theory is a theory of re-
tarded potential, and the author believes that electro-
magnetic theory should actually be a theory of retarded
field rather than retarded potential. This point will not
be discussed in depth in this article, as the author has
mentioned it multiple times before. However, the correc-
tion of the magnetic field can also be obtained from the
following laws.

G. Law of non cancellation of retarded and
advanced waves emitted by current

In the author’s theory, any current element emits both
retarded and advanced waves simultaneously. Therefore,
we must ensure that the retarded wave and advanced
wave cannot cancel each other near the current. And it
should be superimposed on each other. This requirement
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cannot be met by Maxwell’s electromagnetic theory. As-
suming a current element J , according to Maxwell’s elec-
tromagnetic theory,

A(r) ∼
ˆ
V

J

r
exp(−jkr)dV (8)

The superscript “(r)” means retarded,

e(r)(r = 0) = −jωA(r) ∼ −j
ˆ
V

J

r
exp(−jkr)dV

∼ −j
ˆ
V

J

r
dV ∼ −jJ (9)

h(r) ∼ ∇×A(r) ∼ ∇×
ˆ
V

J

r
exp(−jkr)dV

∼
ˆ
V

∇(
1

r
exp(−jkr))× JdV

∼
ˆ
V

(− r

r3
+
−jkr̂
r

) exp(−jkr)× JdV

∼
ˆ
V

J × (
r

r3
+
jkr̂

r
) exp(−jkr)dV (10)

The superscript “a” means leading wave,

A(a) ∼
ˆ
V

J

r
exp(−jkr)dV (11)

According to Maxwell’s electromagnetic theory, the
electric field of retarded and advanced waves on the sur-
face of the current is,

e(r)(r = 0) ∼ −jJ (12)

e(a)(r = 0) ∼ −jJ (13)

the magnetic field,

h(a) ∼ ∇×A(a) ∼ ∇×
ˆ
V

J

r
exp(+jkr)dV

∼
ˆ
V

∇(
1

r
exp(+jkr))× JdV

∼
ˆ
V

(− r

r3
+

+jkr̂

r
) exp(+jkr)× JdV

∼
ˆ
V

J × (
r

r3
− jkr̂

r
) exp(+jkr)dV (14)

According to Marx’s electromagnetic theory, the mag-
netic field on the surface of a current is,

h(r)(r = 0) ∼
ˆ
V

J × (
r

r3
+
jkr̂

r
)dV (15)

h(a)(r = 0) ∼
ˆ
V

J × (
r

r3
− jkr̂

r
)dV (16)

We see that according to Maxwell’s electromagnetic the-
ory, the retarded and advanced waves of the electric field
are in phase at r = 0 and therefore are superimposed and
strengthened (12, 13). However, there is one term in the
magnetic field of the retarded wave and advanced wave
formulas (15, 16) that is additive and canceling. If we
want the retarded wave and the advanced wave to avoid
superposition and cancellation near the current, we must
make corrections to the far field of the magnetic field. For
retarded waves, the correction factor is (−j). The cor-
rection factor for advanced waves is (j). After correction,
the author’s electromagnetic theory was obtained,

E(r) = e(r) = −jωA(r) ∼ −jω
ˆ
V

J

r
exp(−jkr)dV

(17)

E(a) = e(a) = −jωA(a) ∼ −jω
ˆ
V

J

r
exp(+jkr)dV

(18)

H(r) ∼
ˆ
V

J × (
r

r3
+ (−j)jkr̂

r
) exp(−jkr)dV (19)

H(a) ∼
ˆ
V

J × (
r

r3
+ (j)

jkr̂

r
) exp(+jkr)dV (20)

Or,

H(r) ∼
ˆ
V

J × (
r

r3
+
kr̂

r
) exp(−jkr)dV (21)

H(a) ∼
ˆ
V

J × (
r

r3
+
kr̂

r
) exp(+jkr)dV (22)

From (17,18), it can be seen that the electric field is still
superimposed and enhanced at (r = 0). The magnetic
field (21, 22) is also superimposed and enhanced at (r =
0). Therefore, the author’s correction is also reasonable.

III. PHONTON

The author believes that there are two types of cur-
rent elements, one is the source and the other is the sink.
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Figure 1. The source and sink form a waveguide to transmit
a photon.

The radiation source includes: 1) transmitting antenna,
2) primary coil of transformer, and 3) emiter charge. The
sink includes 1) the receiving antenna, 2) the secondary
coil of the transformer, and 3) the absorber charge. But
in fact, the current element always radiates both retarded
and advanced waves simultaneously. However, due to the
fact that electromagnetic waves are all reactive power
waves, these waves do not consume energy. Some cur-
rents look like a source of radiation because the advanced
waves they emit are reactive power, emitting and return-
ing to the source, just like no advanced waves are emit-
ted. Some current elements are like sinks because their
retarded waves are reactive power, it is sent out, and
returned to the sinks. Same as not emitting retarded
waves.

Both the source and sink randomly emit electromag-
netic waves. If a retarded wave emitted by a certain
source reaches a distant sink, and the sink happens to
emit an advanced wave, the retarded wave is synchro-
nized with the advanced wave. Synchronous formation
of mutual energy flow. The mutual energy flow is a pho-
ton.

A. Assuming that the distance between the source
and sink is not close

J1 , J2 are two plane current sheets. J1 is a radia-
tion source that generates retarded wave electromagnetic
fields E1, H1 , J2 is a sink that generates advanced
wave electromagnetic fields E2, H2. The advanced wave
guides the retarded wave. The retarded wave guides the
advanced wave. Therefore, both retarded and advanced
waves propagate like in a waveguide. Refer to the figure
1.

Now let’s consider that d is not very small, as shown
in Figure 1. In this case, the author believes that as
the distance increases, both the electric and magnetic
fields have a phase retardation. Note that in the author’s
theory, both electric and magnetic fields are determined
based on the retardation of the field, rather than the

vector potential retardation. such
E1 ∼ −jJ10ẑ exp(−jkx)

H1 ∼

{
J10ŷ exp(−jkx) x > 0

−J10ŷ exp(−jkx) x < 0

(23)


E2 ∼ −jJ20ẑ exp(−jk(x− d))

H2 ∼

{
J20ŷ exp(−jk(x− d) x > d

−J20ŷ exp(−jk(x− d) x < d

(24)

In the above equation, we assume that on the left side
of the current J1 and current J2 the radiation are the
advanced waves. On the right side the current J1 and
current J2, the radiation is retarded waves. Therefore,
the current generates waves that propagate to the right.
In fact, the current also generates waves that propagate
to the left. But those waves are reactive power waves
and hence invalid waves. Only two waves propagating
to the right of the current are synchronized, which can
form a mutual energy flow. Therefore, we only retained
the wave propagating to the right.

We assume that J2 and electric field E1 the direction
and phase are consistent. Therefore there is,

J20 ∼ E1(x = d) = −jJ10 exp(−jkd) (25)


E2 ∼ −j(−jJ10 exp(−jkd))ẑ exp(−jk(x− d))

H2 ∼

{
(−jJ10 exp(−jkd))ŷ exp(−jk(x− d) x > d

−(−jJ10 exp(−jkd))ŷ exp(−jk(x− d) x < d

(26)
Or,

E2 ∼ jjJ10ẑ exp(−jkx)

H2 ∼

{
(−jJ10)ŷ exp(−jkx) x > d

jJ10ŷ exp(−jkx) x < d

(27)

Considering the interval of 0 < x < d,

Sm = S12 + S21

= E1 ×H∗2 + E∗2 ×H1

= (−jJ10ẑ exp(−jkx))× (jJ10ŷ exp(−jkx))∗

+(jjJ10ẑ exp(−jkx))∗ × (J10ŷ exp(−jkx))

= (−jJ10ẑ)× (jJ10ŷ)∗ + (jjJ10)ẑ)∗ × (J10ŷ)

= ((jJ10)(jJ10)∗ + (−jjJ10)∗(J10))x̂

= (jj∗ + (−jj)∗)J10J
∗
10x̂
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= 2J10J
∗
10x̂

∼ x̂ (28)

Consider at x > d the magnetic field H2 change sign,
at x < 0 the magnetic field H1 change sign, so there is a
(x < 0, x > d) S12 and S21 offset. Therefore, there are,

Sm ∼


0 x < 0

x̂ 0 ≤ x ≤ d
0 x > d

(29)

It can be seen that the mutual energy flow density
Sm generated at x = 0 and annihilated at x = d. It is
generated at the source and annihilated at the sink. In
the region of 0 < x < d, the mutual energy flow Sm is
active power.Sm have the properties of photons.

B. Generation and annihilation of photons

At the initial moment, the current element radiates
spherical waves, which are electromagnetic waves that
decay with distance. This type of wave can be referred to
as electromagnetic waves in broadcast mode. According
to the formula (5), this wave is a reactive power wave,
and most of the waves emitted are invalid waves. Al-
though the electromagnetic waves of the invalid wave
were emitted, they returned as expected, so there was
no energy loss. Therefore, the source can re-emitted.
Until the photon energy is emitted. Assuming that the
retarded wave emitted by a certain source coincides with
(or shakes hands with) the advanced wave emitted by a
sink, a mutual energy flow is formed. The initial mu-
tual energy flow can be calculated from the electromag-
netic field emitted by the sink and source. If the dis-
tance between the source and the sink is very large, such
as one light year, the electromagnetic waves emitted by
the source decay with distance, and such electromagnetic
waves reach the sink very, very weakly. Similarly, the ad-
vanced wave emitted by the sink arrivals the source is also
very weak. But at this point, the retarded wave forms
the waveguide of the advanced wave, and the advanced
wave forms the waveguide of the retarded wave. The re-
tarded wave continuously strengthens in the direction of
the advanced wave, which is the direction of the sink.
The advanced wave also continuously strengthens in the
direction of the retarded wave, that is, in the direction of
the source. The final retarded wave and advanced wave
form a planar or quasi planar electromagnetic wave in
the direction of the connection between the source and
sink. This is why the previous section of this chapter
can calculate the retarded and advanced waves emitted
by the source and sink based on plane waves.

The reason why retarded waves can strengthen in the
direction of the source is that retarded waves are re-
active power waves in other directions, and the energy
flow of these waves can return to the source. This is

Figure 2. Cramer’s quantum mechanical model. The horizon-
tal axis in the figure is the spatial variable x, and the vertical
axis is the time t. The red dot is the source of radiation. The
blue dot is the sink. The source emits a retarded wave with
red color towards the sink. The sink emits a advanced wave
with blue color towards the source.

the same as the principle of interference. The retarded
wave is strengthened by interference in the sink direc-
tion. In other directions, it is interference cancellation.
The advanced wave emitted by the sink also interferes
and strengthens in the direction of the source, and can-
cels out in other directions.

The formula (29) explains the mixed Poynting vector
corresponding to the mutual energy flow Sm is generated
at source x = 0, Sm is annihilated at x = d. Sm has the
properties of photons. This indicates that the mutual
energy flow formed between the source and sink is gener-
ated at the source and annihilated at the sink. Therefore,
we say to establish a photon between the source and the
sink.

The performance of the author’s mutual energy flow in
this chapter is very close to the particle model in Cramer
quantum mechanics transactional interpretation [3, 4].
The Cramer model, refer to Figure 2. Current J1 red
point is the source of radiation, J2 blue point is the sink.
The retarded wave emitted by the source is discribed
with red color. The advanced wave generated by the
sink is discribed with blue corlor. On the right side of
the sink, the sink generates retarded waves, which have a
phase difference of 180 degrees from the retarded waves
of the source. Therefore, it precisely cancels out the re-
tarded wave emitted by the source. On the left side of
the source, the source generates a advanced wave, which
has a 180 degree phase difference from the advanced wave
generated by the sink. Therefore, it precisely cancels out
the advanced wave emitted by the sink. Cramer’s paper
on the quantum mechanical transctional interpretation
model [3, 4] has been cited by over 1000 people since its
publication in 1986. It can be seen that there are many
people supporting it.

In Cramer’s quantum mechanical model, there is an
superposition of retarded and advanced waves between
the source and sink. Due to a phase difference of 180
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degrees outside this range, they cancel out each other.
The superposition or cancellation here are both the re-
tarded wave and the advanced wave themselves. In the
author’s electromagnetic theory, superposition and can-
cellation are caused by mixed Poynting energy flow S12

and S21 completed instead of retarded waves and ad-
vanced waves. In addition, Cramer did not explain why
the retarded wave emitted by the sink in his theory is
exactly 180 degrees out of phase with the retarded wave
emitted by the source. There is also no explanation for
why the advanced wave emitted by the source is exactly
180 degrees from the advanced wave emitted by the sink.
In the author’s electromagnetic theory, the phase change
of the retarded wave emitted by the sink is due to the fact
that the magnetic field must be reversed on both sides of
the sink current. The phase change of the advanced wave
emitted by the source is also due to the reversal of the
magnetic field direction at the source. Therefore, in the
author’s electromagnetic theory, the reason for the 180
degree phase difference in the Cramer model is perfectly
explained. In addition, the author’s electromagnetic the-
ory can also be a three-dimensional electromagnetic field
model, while the Cramer quantum mechanics transac-
tional interpretation model is a one-dimensional model.
Therefore, the author’s theory is a further concrete im-
plementation of Cramer’s quantum mechanical transac-
tional interpretation. The Cramer quantum mechan-
ics transactional interpretation is based on the Wheeler
Feynman absorber theory. The author’s electromagnetic
theory is also a development of the Wheeler Feynman
absorber theory [1, 2]. In fact, the author was indeed
influenced by the theory of absorbers.

IV. MACROSCOPIC ELECTROMAGNETIC
WAVES

A. Sliver-Muller radiation boundary condition

In this chapter, we must distinguish between the sym-
bols used in Maxwell’s electromagnetic theory and the
author’s electromagnetic theory. We assume that the
electromagnetic field defined by Maxwell’s equation still
uses the lowercase symbols e and h. According to the au-
thor’s electromagnetic theory, the electric and magnetic
fields are written in capital letters E and H.

We know that in Maxwell’s electromagnetic wave the-
ory, the far field is required to meet the Sliver Muller
boundary condition. This condition is actually equiva-
lent to requiring the boundary of the universe to have
good absorption of electromagnetic waves. This condi-
tion is often simulated using a microwave anechoic cham-
ber in antenna measurement, as shown in Figure 3. In
the author’s electromagnetic theory, good absorption im-
plies the existence of sinks. The author needs to arrange
sinks to absorb electromagnetic waves, as shown in the
figure. Here we assume that there are countless sinks
uniformly distributed outside the sphere of infinite ra-

Slver-Muller boundary condition

Figure 3. Microwave darkroom. On a sphere with a radius
of R, a substance that absorbs electromagnetic waves is ar-
ranged, known as an absorber.

dius. These sinks can completely absorb electromagnetic
waves. Therefore, these sinks also serve as the Sliver
Muller radiation boundary conditions.

Assuming there is a current element J1 located at the
center of the sphere Γ. We use Maxwell’s electromag-
netic theory and the author’s electromagnetic theory to
calculate the radiation of this current element, respec-
tively. According to Maxwell’s electromagnetic theory,
the Sliver Muller radiation condition is satisfied on a
spherical Γ. According to the author’s electromagnetic
theory, uniform sink current J2 is arranged on a spherical
surface Γ. These currents can absorb all electromagnetic
waves. Consider the Fourier transform of the mutual en-
ergy flow formula,

−
ˆ
V1

(E∗2 · J1)dV

=

"
Γ

(E1 ×H∗2 + E∗2 ×H1) · n̂dΓ

=

ˆ
V2

(E1 · J∗2)dV (30)

Firstly, we know that according to the author’s electro-
magnetic theory and Maxwell’s theory, the electric field
is still consistent,

E1 ' e1 (31)
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Figure 4. In the author’s theory, the Sliver Muller radiation
boundary condition is achieved by arranging countless sinks
onto a sphere of infinite radius.

E2 ' e2 (32)

We assume that V2 is r2 > R area. R is the radius of
the sphere Γ. r2 = |x2|, x2 is the location of the current
density J2. J2 generats the advanced wave. These re-
tarded waves and advanced waves sent from J1 and J2

are synchronized. This synchronization means that,

H2 ∼ J2 ∼ E1 ∼ e1 ∼ h1 (33)

hence there is,

H2 ' h1 (34)

H1 ∼ E2 ' e2 ∼ h2 (35)

Hence there is,

H1 ' h2 (36)

Substitute (31, 32, 34 and 36) into the first half of (30),

−
ˆ
V1

(E∗2 · J1)dV =

"
Γ

(E1 ×H∗2 + E∗2 ×H1) · n̂dΓ

=

"
Γ

(e1 × h∗1 + e∗2 × h2) · n̂dΓ

=

"
Γ

(s11 + s22) · n̂dΓ (37)

We know,

s11 = e1 × h∗1, s22 = e∗2 × h2

The effect of absorption should be consistent with
emission, so there is,

s11 = s22 (38)

We get,

−
ˆ
V1

(e∗2 · J1)dV = 2

"
Γ

s11 · n̂dΓ (39)

We can compare it with Poynting’s theorem,

−
ˆ
V1

(e∗1 · J1)dV =

"
Γ

s11 · n̂dΓ (40)

Firstly, we compare the right-hand side of formulas
(39) and (40). (39) has an additional factor of 2. We
should first address the issue of factor 2.

B. Reasons for the occurrence of factor 2

We first noticed that the radiation energy flow calcu-
lated by formula (39) is twice as large as that calculated
by formula (40). The factor of 2 is easy to understand.
In Maxwell’s electromagnetic theory, only the source of
radiation produces an energy flow. However, in the au-
thor’s electromagnetic field theory, the energy flow gen-
erated by the sink is added, so the calculated energy flow
is doubled. This of course requires us to modify the for-
mula (30). Firstly, considering the mutual energy flow
theorem in Maxwell’s electromagnetic theory, it should
be modified to:,

−
ˆ
V1

(e∗2·J1)dV =
1

2

"
Γ

(e1×h∗2+e∗2×h1)·n̂dΓ =

ˆ
V2

(e1·J∗2)dV

(41)
The above equation is for the compression of mutual

energy flow by %50. The above equation can be rewritten
as,

−
ˆ
V1

(
1

2
e∗2 · J1)dV

=

"
Γ

(
1

2
e1 ×

1

2
h∗2 +

1

2
e∗2 ×

1

2
h1) · n̂dΓ

=

ˆ
V2

(
1

2
e1 · J∗2)dV (42)

Consider the need to lower the electric and magnetic
fields

e′ =
1

2
e, h′ =

1

2
h (43)
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This way (42) can be rewritten as,

−
ˆ
V1

(e′
∗
2 · J1)dV

=

"
Γ

(e′1 × h′
∗
2 + e′

∗
2 × h′1) · n̂dΓ

=

ˆ
V2

(e′1 · J
∗
2)dV (44)

Rewrite (43) as,

2e′ = e, 2h′ = h (45)

Consider the Maxwell equation,{
∇× e = − ∂

∂th

∇× h = J + ∂
∂t (ε0e)

(46)

Substitute (45) into the Maxwell equation above to
obtain, {

∇× 2e′ = − ∂
∂t2h

′

∇× 2h′ = J + ∂
∂t (ε02e′)

Or {
∇× e′ = − ∂

∂th
′

∇× h′ = 1
2J + ∂

∂t (ε0e
′)

(47)

According to this Maxwell equation, it actually means
that we have adopted half the retarded wave and half the
advanced wave, which is

A =
1

2

µ0

4π

ˆ
V

[J ]

r
dV, φ =

1

2

1

4πε0

ˆ
V

[ρ]

r
dV (48)

Or,

A =
1

2

µ0

4π

ˆ
V

{J}
r
dV, φ =

1

2

1

4πε0

ˆ
V

{ρ}
r
dV (49)

The square brackets represent retarded, [J ] = J(t −
r/c). Curly braces indicate advanced, i.e., {J} = J(t +
r/c)

e′ = − ∂

∂t
A−∇φ (50)

h′ =
1

µ0
∇×A (51)

From this perspective, we have two options, (1) using
(41). This indicates that we have reduced the calculated

mutual energy flow pressure to 50%. The second option
is to reduce the calculated electric and magnetic fields to
50% of the original value, referring to (48-51). This is also
equivalent to reducing the current by 50%, refer to (47).
The first choice is relatively simple in calculation. The
second option is conceptually clear. The second choice
clearly tells us that if we consider sinks, as they also gen-
erate energy flow, the correct Maxwell equation should
be (47), which corresponds to half the retarded wave and
half the advanced wave (48). The concept of half retarded
and half advanced was proposed by Dirac and Wheeler
Feynman. The author correctly applied this concept to
electromagnetic theory for the first time.

According to the first choice, the mutual energy flow
energy law of the author’s electromagnetic theory corre-
sponding to (41) is,

−
ˆ
V1

(e∗2·J1)dV =
1

2

"
Γ

(e1×h∗2+e∗2×h1)·n̂dΓ =

ˆ
V2

(e1·J∗2)dV

(52)
Replace (30) with (52), and the formula (39) becomes,

−
ˆ
V1

(e∗2 · J1)dV =

"
Γ

(s11) · n̂dΓ (53)

The results obtained from the author’s electromag-
netic theory are now closer to the results and formulas of
Maxwell’s electromagnetic theory (40). That is to say, if
we consider half retarded wave and half advanced wave
(39), the factor 2 disappears. This also indicates that
Maxwell’s electromagnetic theory does not allow sinks.
To allow for sinks in Maxwell’s electromagnetic theory,
one must first solve the problem of the 2 or 1

2 factor.

C. Calculating the output power of current

The right side of the formula (53) and the formula
(40) are still different. The right side of both formulas
represents the output power of the current J1 . We first
calculate this power based on Maxwell’s electromagnetic
theory

−
ˆ
V1

(e∗1 · J1)dV → −
ˆ
C1

e∗1dlI1

= −E∗1 I1 = −jωL1I
∗
1 I1 (54)

The symbol “→” represents the transformation from
volume current to line current. Consider the definition
of electromotive force,

E1 ,
ˆ
C1

e1dl (55)

Although the retarded effect should be considered for
the electric field in the above formula, since we assume
that the size of the current element is very small, the
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electric field on the current element e1, the retardation
can be ignored. Therefore, the calculation formula for
this electromotive force is,

E1 = −jωL1I1 (56)

It can been that the formula (54) takes a pure imagi-
nary value. On the right side of (40) is the radiation of
the current element according to Maxwell’s electromag-
netic theory, which is not zero, so the real part on the
right side is not zero. Therefore, the formula (40) cannot
be satisfied. This is an obvious loophole in Poynting’s
theorem. It is also an obvious flaw in Maxwell’s electro-
magnetic theory. This is also one of the reasons why we
need to establish a new electromagnetic theory.

If we use (53) to calculate the radiation of the current
element,

−
ˆ
V1

(e∗2 · J1)dV (57)

We know the electric field E1 is,

e1 ∼ −jωA1 ∼ −jJ1 exp(−jkr) (58)

The phase of current J2 should be consistent related
to the electric field e1(r = R) ,

J2 ∼ e1(r = R) = E1(r = R) ∼ −jJ1 exp(−jkR) (59)

Electric field E2 is an advanced wave,

E2 ∼ e2 ∼ −jωA2 ∼ −jJ2 exp(+jkR)

∼ −j(−jJ1 exp(−jkR)) exp(+jkR)

∼ −j(−jJ1) ∼ jjJ1 ∼ −J1 (60)

Hence there is,

−
ˆ
V1

(e∗2 ·J1)dV ∼ −
ˆ
V1

(−J∗1 ·J1)dV ∼
ˆ
V1

(J∗1 ·J1)dV

(61)
This indicates that the left side of (53) is also a real
number, consistent with its right side. This indicates that
the formula (53) overcomes the loophole in Poynting’s
theorem formula. The vulnerability is that (40) the left
side is a pure imaginary number, and the right side is a
real part that is not zero. Therefore, the formula (40)
cannot hold true for antennas like short dipoles! This
loophole is also a loophole in Maxwell’s electromagnetic
theory. This vulnerability has been corrected in formulas
(53).

D. Factor of sin θ in the directional pattern of
dipole antennas

Assuming there is a dipole antenna source. The dipole
is located at the coordinate origin. The direction points
towards the z-axis. Assuming that the photons released
by this source are very rare, they are almost released one
by one. Constitute a single photon light source. Assum-
ing that the dipole source emits a photon exactly in the
θ direction. Here, a photon is emitted along the θ direc-
tion, which means that the retarded wave emitted by the
source is exactly synchronized with a sink on a sphere
with an infinite radius of Γ, and the angle between this
sink and the z-axis is θ. Obviously, we can project the
dipole of the source in two directions. One is on the
connection between the source and sink. One is in the
direction parallel to the sink, as shown in 5. The dipole
source in the direction of the connection is perpendicu-
lar to the sink, resulting in zero electromagnetic field. A
dipole in the direction parallel to the sink can exactly
produce a photon with the sink. The size of the dipole
antenna in the direction parallel to the sink is,

J1 sin(θ) (62)

Hence there is,

|E1| ∼ J1 sin(θ) (63)

The electromagnetic field power of photons emitted
along the source and sink will have a factor of sin2(θ).
So the power in the θ direction is,

P (θ) = |E1|2 ∼ J1J
∗
1 sin2(θ) (64)

We use Maxwell’s electromagnetic theory to calculate
the antenna pattern of dipole radiation, and there is also
a dipole antenna with a power pattern that is just right,
and there is a pattern factor of sin2(θ).

For currents with more complex current distributions,
the directional pattern can be obtained by superposition
of dipole fields. Therefore, the directional pattern calcu-
lated according to the author’s method should be consis-
tent with the directional pattern calculated by Maxwell’s
electromagnetic theory.

The photons emitted from the source to the sink are
plane waves or quasi plane waves. That is, plane waves
in photonic waveguides. Although this radiation energy
does not decay. But if we average the radiation energy
density on a sphere with a radius of R, the Poynting
energy flow will be inversely proportional to the distance
R2, i.e.,

S ∼ 1

R2
(65)

So for the average values of electric and magnetic fields,

Ef ∼
1

R
, Hf ∼

1

R
(66)
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Figure 5. Schematic diagram for calculating the directional
pattern of a dipole antenna.

Ef , Hf is the far-field of the average value of elec-
tric and magnetic fields. The far-field pattern of the
dipole antenna obtained by the author’s one photon
method is consistent with the far-field pattern obtained
by Maxwell’s electromagnetic theory. The attenuation of
the average electromagnetic field and magnetic field with
distance R is also consistent. As long as the antenna
radiates a large number of photons, the far-field pattern
cannot distinguish the difference between the two theo-
ries. But if the radiation energy of the antenna is re-
duced. We can observe that the sink is a collection of
photons one by one. This situation is closer to the au-
thor’s electromagnetic theory.

E. Summary

The macroscopic electromagnetic waves in Maxwell’s
electromagnetic theory are calculated by Maxwell’s equa-
tions, and the calculation of electromagnetic fields re-
quires considering the far field radiation boundary con-
ditions of Sliver Muller. The far-field radiation power is
calculated according to Poynting’s theorem (40). In the
author’s electromagnetic theory, the Sliver Muller radia-
tion boundary condition is replaced by sinks arranged on
a sphere with an infinite radius. Then consider the ran-
dom radiation retarded wave of the source. Each sink on
the sphere with an infinite radius also randomly radiates
advanced waves. Once the retarded wave synchronizes
with the advanced wave emitted by a sink, this retarded
wave and the advanced wave form a mutual energy flow.
Once a mutual energy flow is formed, the retarded wave
interferes and enhances in the sink direction, while the
advanced wave interferes and enhances in the source di-
rection. At this point, the retarded wave becomes the
waveguide of the advanced wave, and the advanced wave
becomes the waveguide of the retarded wave. Two waves
synchronize, or shake hands, and form plane waves. Form

a light waveguide between the source and sink. The en-
ergy of a photon travels along this waveguide from the
source to the sink.

Although photons are emitted one by one, we can cal-
culate the average radiation energy emitted from the
source. If the source is a dipole antenna, due to the
angle between the dipole antenna and the sink, the av-
erage radiation energy map will exhibit a pattern factor
of sin2(θ). This pattern factor is also consistent with the
far-field radiation pattern of a dipole antenna calculated
using Maxwell’s electromagnetic theory.

V. CONCLUSION

In electromagnetic field theory, there exists a sink. The
sink includes the coil of the transformer, the receiving
antenna, and the absorber charge. The sink absorbs the
energy of the electromagnetic field. Sinks also gener-
ate electromagnetic fields. This electromagnetic field is
advanced waves. It is a controversial issue whether the
receiving antenna generates advanced waves or not. But
everyone will not object to the fact that the current in
the secondary coil of a transformer also generates electro-
magnetic fields. However, the author’s analysis indicates
that once sinks are considered in Maxwell’s electromag-
netic theory, at least one point must be modified, which
is to adopt the concept of half retarded wave and half
advanced wave. That is to say, we need to add a factor
of 1

2 to the current in Maxwell’s equation (47).
Dirac first proposed the concept of half retarded wave

and half advanced wave to explain the problem of self-
force. Wheeler Feynman’s theory of absorbers further
developed the theory of half retarded wave and half ad-
vanced wave. Cramer further developed this theory and
proposed a quantum mechanical transactional interpre-
tation. But they did not truly implement the idea of
half retarded and half advanced in electromagnetic the-
ory. The author systematically implemented the electro-
magnetic theory of half retarded wave and half advanced
wave. In the author’s electromagnetic theory, the source
produces a retarded wave, while the sink produces a ad-
vanced wave. These waves first need to be compressed
by% 50. Otherwise, the calculated radiation intensity
will exceed twice.

The author proposes a new electromagnetic theory,
which is composed of several important laws: (1) The law
of radiation not spilling out of the universe (2) The law
of conservation of energy. (3) The law that the mutual
energy flows are photons. (4) The current simultaneously
radiates both retarded and advanced waves, whech must
not cancel out on the surface of the current. (5) Elec-
tromagnetic theory should be a theory of retarded field
rather than retarded potential.

The author believes that these retarded and advanced
waves are both reactive power waves. Therefore, these
waves propagate towards the entire space but can auto-
matically return to the source or sink. That is to say,
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it will collapse in the opposite direction. But if the re-
tarded waves emitted by the source reaches a certain sink,
the sink also happens to emit a advanced wave, and this
retarded wave is synchronized with this advanced wave.
In Cramer’s words, it is a handshake between retarded
waves and advanced waves. The author believes that this
synchronization or handshake process generates mutual
energy flow. The mutual energy flow is a photon.

When the synchronization or handshake process is just
beginning, the mutual energy flow is very weak. However,
the retarded wave interferes more strongly in the direc-
tion of the advanced wave. The interference of the ad-
vanced wave strengthens in the direction of the retarded
wave. Wave interference cancels in other directions. In
this way, the advanced wave forms a waveguide for the
retared wave. The retarded wave forms a waveguide for
the advanced wave. Therefore, retarded waves and ad-
vanced waves become planar or quasi planar waves just
like they propagate in a waveguide. Therefore, photons
can be approximately described by plane waves.

In this way, we can assume that the source is emitting
photons randomly, which is known as mutual energy flow.
Adding up the energy flow of these photons is the energy
flow of macroscopic electromagnetic waves emitted by the
source. The author proves that the energy flow of these
photons combined is exactly consistent with the energy
flow corresponding to the Poynting vector. This proves
that the electromagnetic theory proposed by the author,
which is half retarded wave and half advanced wave, is
equivalent to Maxwell’s classical electromagnetic theory.
At least the conclusions of the two theories are consistent
in the far field of antenna radiation. When calculating
the far field of an antenna, Maxwell’s electromagnetic
field theory uses the Sliver-Muller radiation boundary
condition. In the author’s electromagnetic theory, this
radiation condition is achieved by arranging sinks on a
sphere with an infinite radius.

In addition, there was originally a loophole in Poynt-
ing’s theorem. The left and right sides of Poynting’s law
cannot be equal. This mistake has also been corrected in
the auther’s theory.
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