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Abstract The author has made revisions to the classical electromagnetic theory. The solution of Maxwell’s
equation has been reinterpreted. It is believed that advanced waves exist, radiation does not overflow the universe,
and the Poynting vector of electromagnetic waves is reactive power. The electric and magnetic fields in the far field
have a 90 degree phase difference. Transmission line problems are often solved using circuit methods. The voltage
and current are in phase. The results of calculating the electric and magnetic fields according to Maxwell’s equations
are the same. According to the author’s revised electromagnetic theory, there are two types of electric fields on
transmission lines: electrostatic field and induced electric field. The electrostatic field is in phase with the current on
the transmission line. The induced electric field lags 90 degrees behind the current. This is consistent with a simple
circuit. Therefore, for transmission lines, the author’s theory contradicts the conclusions of existing textbooks.
Transmission lines are a good example of distinguishing between two theories. The author also proposed a method
for experimental verification.
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1. Introduction

1.1. Maxwell’s Electromagnetic Theory

The author found that Maxwell’s electric field theory is
a theory of retarded potential, and its key is that the vector
potential in the frequency domain is,

A(x,0) z:‘—gj\/@dv (1)

A" (x,0) =22 V—J(X')exf(_jkr)dv )

The superscript (r) indicates retardation. A(r)(x,a)) is

a vector potential with retardation, while A(X,®) is a

vector potential without considering retardation. Electric
and magnetic fields are defined as,

E=—vg) L Al (3)
at
B=vx Al (4)

The above (/ﬁ(r) is determined by the Lorenz gauge
condition.

V. A(r) = —ja)/,lofo¢(r) (5)
Here we assume that all quantities have a time factor

exp(ja)t) . We omitted this factor. The key to this theory

is to ensure that the following generalizations have been
made when transitioning from quasi-static electromagnetic
field theory or magnetic quasi-static electromagnetic field

theory to radiation electromagnetic field theory
considering retardation,
A(x.0) - A (x,0) ©)
This promotion ensures that
lim A7) (x,0) = A(x.0) ()
kr—0
kr -0 (8)
ie.,
27 0 9)
A

r<i (10)
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=[x (11)
is the distance from the field point to the origin. If this
distance is much smaller than the wavelength 1, the

retarded potential AN degenerates into a non retarded
vector potential A. The Maxwell equation is completely
equivalent to the retarded potential theory above. The
theory of retarded potential was first completed by Lorenz
in 1867 [1], and the theory of Lorenz retarded potential
was only 5 years later than the Maxwell equation
(completed in 1861-2). Maxwell did not solve the
Maxwell equation, but Lorenz’s theory is not only
equivalent to Maxwell’s equation, but also provides a
general form of solution of Maxwell’s equation.

The author found that this condition is too simplistic for
electromagnetic theory. There are other conditions that
should be considered when transitioning from retarded
potential theory to non retarded electromagnetic theory.

1.2. The Author’s Electromagnetic Theory

The author’s electromagnetic theory has made revisions
to Maxwell’s classical electromagnetic field theory. This
correction is based on the following considerations:

1. Not only the retarded potential (wave), but also the
advanced potential (wave) should be considered.

2. Radiation does not overflow the universe, where T is
a sphere with an infinite radius, assuming that the source
of the electromagnetic field is the current J near the center
of the sphere.

[ atdf (ExH)-dr=0 (12)
No matter should overflow the universe, including
electromagnetic waves. It is wrong for classical
electromagnetic theory to allow electromagnetic waves to
overflow the universe.
3. Ensure that the law of conservation of energy holds

i,il Ij\lzi,j;éi ;i_wdtjv(Eri)dvzo (13)

This law tells us that if there are only two currents Jq,
J, . Current J; give a portion of the energy to the current
J, . So current J; is a primary coil, current J, is a
secondary coil. The energy loss of J; is exactly equal to
the energy obtained by the current J, . The algebraic sum

of the energy lost by the two coils together is 0. This
indicates the conservation of energy. We cannot derive
this law of energy conservation from our classical
electromagnetic theory today. We can only take a step
back and prove this self proclaimed energy law as the
energy theorem or reciprocity theorem.

4.The current generates half retarded and half
advanvced waves. Therefore, when the retarded wave and
advanced wave degenerate into a non retarded and non
advanced electromagnetic field, this electromagnetic field
must be superimposed, that is, the electric field is
superimposed, and the magnetic field is also
superimposed. They cannot cancel each other out at the

surface of the current. Our classical electromagnetic
theory today does not meet this requirement.

5. For separate systems, such as systems composed of
primary and secondary transformers, the energy of the
system composed of transmitting and receiving antennas
is transmitted by mutual energy flow.

The first of the five above is the characteristic of the
author’s electromagnetic field theory. This theory is an
electromagnetic field theory that includes advanced waves.
The theory of advanced waves, also known as the absorber
theory, was first proposed by Wheeler Feynman in 1945
[2,3].This theory also applies the principle of action at a
distance [4,5,6]. In addition, Stephenson also conducted
in-depth research on the theory of advanced waves around
1980 [7]. Cramer further developed this theory into a
transactional interpretation of quantum mechanics in 1986
[8,9]. Welch proposed the electromagnetic field reciprocity
theorem including advanced waves in 1960 [10].

Classical electromagnetic field theory cannot be
directly applied to form a theory that includes advanced
waves, which can be obtained by advanced potentials

A® (x.0) EZ‘—O ., Mdv (14)
T
E=—vg-2 A (15)
at
B=vxAd) (16)

The electromagnetic field obtained in this way cannot
be directly used, as the original Maxwell electric field
theory is difficult to reconcile with after the introduction
of advanced waves. The conservation of energy theorem is
the first challenge encountered. Because once there is an
advanced wave, the retarded wave radiates energy, and the
advanced wave also radiates energy (this energy is
negative). However, the author found that there is also an
interaction between the retarded wave and the advanced
wave at this time. This interaction also transfers energy.
The energy transferred by this interaction is exactly the
energy from the source to the sink. Here, the source refers to
the source of electromagnetic waves, including transmitting
antennas, primary coils of transformers, light sources, etc. A
sink is a device that receives electromagnetic waves,
including a receiving antenna, a secondary coil of a
transformer, a screen for receiving light, and so on.

Since the energy flow of interaction, also known as the
mutual energy flow, can transfer energy from the source to
the sink. So the energy transmitted by the advanced and
retarded waves themselves are redundant. Wheeler and
Feynman also attempted to solve this contradiction in the
absorber theory. Their viewpoint is that the current
radiates half of the retarded wave and half of the advanced
wave. The retarded wave carries positive radiation energy,
while the advanced wave radiates negative energy.
Therefore, current does not radiate energy in average. The
author agrees with Wheeler Feynman’s viewpoint of half
retarded wave and half advanced wave, but does not agree
that the energy of the retarded and advanced waves
emitted by the current can be offset. The author proposed
the concept of time reversal wave in 2017 [11]. Time
reversal waves can cause both retarded and advanced
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waves to collapse in the opposite direction. The reverse
collapse cancels out the energy flow of the original
retarded wave and advanced wave. This leaves only the
mutual energy flow to transfer energy. The law of
conservation of energy is guaranteed. That is to say, item
2 has been guaranteed.

But time reversal waves require adding new
electromagnetic fields to the Maxwell’s equations, which
makes the problem more complex. And it cannot solve all
the problems. Since 2017, the author has attempted to

apply the theory proposed by the author in many examples.

These examples include electromagnetic waves of double
infinite plane currents. The energy flow problem from the
primary coil to secondary coil of the transformer. The
energy flow problem from the dipole transmitting antenna
to the dipole receiving antenna. In these specific problems,
the author found that if Maxwell’s electromagnetic theory
is used to calculate the electric and magnetic fields, and
then the mutual energy flow is calculated, the mutual
energy flow is often an imaginary number, so it transfers
reactive power, that is, it does not transfer energy in time
average. Therefore, time reversal waves cannot truly solve
the problem and complicate it.

The author proposes the concept that both retaded wave
and advanced wave are reactive power waves, and
reactive power waves are waves that maintain a 90 degree
phase difference between the electric and magnetic fields.
On average, the energy transmitted by this wave is 0.
Therefore, it is no longer transmitting energy. If both the
retarded wave and the advanced wave are reactive power
waves, they themselves will not transmit energy. Time
reversal waves are no longer needed. The reactive power
wave can completely replace the original retarded wave
and advanced wave, and also includes the time reversal
wave of retarded wave and advanced wave. The author
found that if the retarded wave and advanced wave are
reactive power, the mutual energy flow formed by them
happens to be active power. The 1-5 items mentioned
earlier have been perfectly implemented.

According to Maxwell’s electromagnetic field theory, the
far-field electric and magnetic fields of the antenna remain
in phase, therefore they are not reactive power waves.
However, the author found that Maxwell’s electromagnetic
field theory is actually a retarded potential theory, which
can ensure that the electric field is a retarded field, but
cannot guarantee that the magnetic field is also a retarded
field. Therefore, the author made corrections to the
magnetic field obtained from Maxwell’s classical
electromagnetic theory [12,13,14] [15,16,17,18]
[19,20,21,22,23,24] [28,29]

Here we summarize the conclusions from these
literature as follows. Assuming we calculate the magnetic
field Hpawen according to retarded potential of the

electromagnetic field theory, the magnetic field corrected
by the author is

Ei(r) = Ei(l\sl)axwell a7
H(r) :(_j)Hggxwell (18)

H is the true magnetic field of the system. The above
correction is for the electromagnetic wave part, that is, for
the far-field correction. No correction is needed for near

field. The above correction factor (—j) holds for the

retarded wave. If it is a advanced wave, the factor is ( j).

Ei(a) = Ei(l\jZIXWe” (19)
H ® - ( J) H l(v?azxwell (20)

Above, we are correcting the magnetic field. Sometimes,
the correct magnetic field is already known, and it is
necessary to correct the induced electric field. At this time,
we also add a phase factor to the above correction formula,

such as adding () to the retarded wave

Ei(r) = jEi(l\rll)axwell 21
H(r) = J(_J) Hggxwell = HI(/:;XWE” (22)

For advanced waves, the correction factor is (—j),

Ei(a) = _jEi(I\Ejlllxwell (23)
H @ - - ( J) H (Maazxwell = HI(\/?gxwell (24)

Note that the superscript (r) means retarded wave, the
superscript (a) means advanced wave, and the subscript i
means induced electric field. The subscript Maxwell refers
to the meaning calculated according to Maxwell’s equation.

The author’s theory has achieved the following results:

1. For independent systems, such as simple circuit,
transmit energy through the self energy flow
corresponding to the Poynting vector. For the separate
systems, such as the primary and secondary coils of
transformers, transmitting and receiving antennas, and the
light source to the light sink, the energy flows from source
to sink are mutual energy flows.

2. The law of conservation of energy and the theorem
of mutual energy flow hold:

_IVz Ey-JpdV =(§1a§2)=jvl E;-Jdv (25

(fl,gz)zcﬁr(Elx Hy+ E’ngl)-ﬁdr (26)

The author has verified the above laws for systems with
dual planar transformers, a system with planar
transmitting antenna and a planar receiving antenna, and a
system with a dipole transmitting antenna and a dipole
receiving antenna. Note that the above theorem is actually
the law of conservation of energy, and it is a localized law
of conservation of energy. (Please note that the above law
of conservation of energy is not valid in Maxwell’s
electromagnetic theory. As mentioned earlier, the mutual
energy flow calculated based on Maxwell’s equations for
electric and magnetic fields is often a pure imaginary
number and therefore does not transfer energy. The above
mutual energy flow theorem is valid in the author’s
revised electromagnetic theory.)

3. The mutual energy flow is generated at the source
and annihilated at the sink, thus possessing the properties
of photons. Therefore, the author believes that photons are
mutual energy flows. The mutual energy flow is
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composed of retarded waves and advanced waves, which
have the properties of waves. The mutual energy flow has
the properties of particles, especially at the light source
and light sink, where it gathers into a point and carries
energy and momentum. Therefore, like particles. The
mutual energy flow itself is both a retarded wave and an
advanced wave, therefore it is also a wave. This explains
the problem of wave particle duality.

4. The author’s electromagnetic field theory further
supports Cramer’s quantum mechanical transactional
interpretation [8,9]. Therefore, the interpretation of
quantum mechanics through transactional interpretation is
also applied to the author’s electromagnetic theory.

1.3. The Focus of this Article Is on
Transmission Lines

This article studies the transmission line problem. The
transmission line problem is a very simple problem. The
electromagnetic waves inside the transmission line are
TEM waves, which should be easily solved by Maxwell’s
classical electromagnetic theory. However, the author
have discovered a strange phenomenon. Few people use
Maxwell’s equations to solve transmission line problems,
usually using circuit methods. The author reviews circuit
methods for solving transmission line problems. Review
the plane wave problem. Review simple electromagnetic
field transmission problems in transmission lines. The
dilemma of using Maxwell’s classical electromagnetic
theory to solve transmission line problems is studied.
Then, using the electromagnetic field theory proposed by
the author to calculate the transmission line problem, the
author found that the results are consistent with the
circuit method.

The author’s revision of Maxwell’s electromagnetic
theory has not been widely accepted, although several
papers have been published. If the transmission line
problem can be perfectly solved according to the author’s
theory, but there are difficulties in solving the classical
electromagnetic theory using Maxwell’s equations, this
itself supports the author’s electromagnetic field theory.
On the other hand, any measurement within the
transmission line is very easy to perform. If experimental
verification is required, it can also be done very easily on
the transmission line.

2. Plane Waves

2.1. Solving Plane Waves According to
Maxwell’s Equation

Solving plane waves according to Maxwell’s equation

V-E=0 27
V-B=0 (28)
VxE =-jouyH (29)
VxH = jogE (30)

The above formula is the Maxwell’ equations without
sources.

2.2. Wave Equation

VxVxE =-jougVxH =-jou (jogE)  (31)

V><V><E:a)2,uO€0E (32)
V(V-E)-V2E = 0* uysE (33)
Considering V-E =0,
V2E + 0’ tgegE =0 (34)
VZE+k?E =0 (35)
wherein
k? = a)zltlofo (36)

2.3. Wave Equation Solving

E =Egexp(-jk-X) (37
Consider V-E =0, there is,
-jk-E=0 (38)
or
k-E=0 (39)
therefore,
E Lk (40)

To simplify the problem, we can assume that,

k=k¥X (41)

This indicates that the wave propagates along the x-axis
direction, so there is,

E = Eg exp(— jkx) (42)
wherein
Eo =Eg [—2} (43)
E=E exp(—jkx)[—ij (44)
We calculate the magnetic field using Faraday’s law (29)
H= .l VxE
— oy

- —ji)/lo VX[EO exp(_jkx)(_ijj
i —J'Cloﬂo [_jk&JX[EO exp(_jkx)(_zﬁ (45)
_ w';o %x[EO eXp(_J—kX)[_QD

k A
=——Epexp(-jkx) ¥
oy

1 I
=—Egexp(-jkx)¥
o
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,
mo=o__ o _ | (46)
kK oJueg €
In this way, we obtain a plane invariant solution, which
is the solution of the retarded wave. Therefore, we add a
superscript (r) to them,

(M) — = eXp(—jkx)[—i] 47) / \

H (") :iEO exp(—jkx) ¥ (48)
o

Y
o

Based on Maxwell’s theory, the electric and magnetic
fields of retarded waves were obtained.

2.4. Advanced Wave
Figure 1. Plane electromagnetic waves are generated by an infinite flat
The above is the retarded wave. Considering the  plate current

electric field of the advanced wave, B
Yo +z (55)
E=E exp(+jkx)(—ij (49) Consider,
r=vx?+R? (56)
H=— VxE
— oy A(t,x)

1 (57)

1 . o Ho 2z R
= Vx| Eqexp(+ jkx)| —2 =037 geft ———
~loug X( e+ )( B 4z ° x2 +R?
W2 . 52
_ 1 jki(x(Eoexp(ﬂkx)(—iB (50) e"p("" X"+ R )RdR

— o
#0 2 J exp(—jk\/ x% +R? )1 dr2  (58)
by Rx{EO exp(+jkx)[—2j] j Vx? 2
g

Consider,

1 Eo exp(+jkx) ¥

1
o dVx2 +R? = (x% +R?) Z%dRZ (59)

Therefore, we obtain the advanced wave solution,
A t,x :&ZﬂJIRexp(—jk\/x2 +R? )d\/xz +R?

(a) _ . =
E\® =E, exp(+ka)[ ZJ (51) ﬂo ) j dexp( kaj “
H® - —ﬂi Eo exp(+ jkx) ¥ (52) *fexp( ka)
0
We obtain the electric and magnetic fields of the advanced B %%W(EXp(ijkmieXp(ijk\/F))
wave based on Maxwell’s electromagnetic theory. _ Jik % (exp (— jki) - exp(_ jkm D
2.5. Sources of Plane Waves From this, the electric field can be calculated

Assuming there is a constant AC current, this current is E- —ﬁA — _jwA

on an infinite flat plate. See Figure 1. This current is
= —jw_ik%(exp(—jkx) —exp(—jk\/x2 +R? D? (61)

J(t)=Jgexp(jot)z=1J(t)2 (53)
Considering the retarded vector potential, 2_5050 %(exp( jkx)—exp(—jk /X2 +R2 Dz
A:Zl—ojiexp(—jkr)dai (54)
Tor
o OHy _ _ OHp Ho =10 (62)

. . . . k
Consider that the flat plate current is a circle with a @ ”060 ‘0

radius of R. therefore
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E :—170%(exp(—jkx)—exp(—jk\/xz+R2 Di (63)

Consider,
E”=IlimE
R—w
E® =
giinw(—no %(exp(—jkx)—exp (—jkmjni (6

The latter term in the above equation diverges, but the
average value of the latter term is 0. Therefore, it can also
be considered as 0 this way

E” :nO%exp(—jkx)(—ij (65)
From this, the magnetic field can be calculated,

H =ivXA(t,x) (66)
Ho

>
<>
N>

5
F Rl >
|
|
o
o

o
o
>

10, .
=———AY

Hg OX

= _iﬁ[i@J [exp(—jkx)—exp(—jkm)ny

Ho oX Jk 2

67)

1 1 Ho . .
= (== I(~jkexp(~jkx
Mo jk 2 (=)

R exp(—jk\/x2+R2)))§/

_(_jk)\/xz +R?
= [‘;[exp(—jkx)— \/ZLRz exp(—jk\/XZ +R? ij

H* = lim H :%(exp(—jkx))y (68)

R—x

We can also calculate the electric field from the
magnetic field,

gfoEOOZVXHOO
ot
X y 7 X ¥ 7
|9 0 9 |9 4 o
OX ay 0z OX (69)
HY Hy Hy | |0 Hy 0
~ 0 o
=z—H
ox Y
~ 0 J . RN .
=7——exp(—jkx)=—jk Z—exp(—jkx
2 p(—jkx)=—] 5 p(-jkx)

Or

joegE” :—jki%exp(—jkx) (70)
k J ©Na

E” =———exp(-jkx)z (71)
0)60 2 p< J )

K _ONHo (72)

[0/ [2)a)) €

© J o oNa

E =—7705exp(—1kx)z (73)

Considering that we are calculating the retarded
potential,

EM :UO%exp(—jkx)[—ij (74)
ro _ ; _i i ~
H™ = RITOOH = 2(exp( jke)) ¥ (75)

The superscript r represents retardation, while the
superscript oo represents the electromagnetic field of an
infinite plate current. The above calculation results (74,75)
are consistent with the previous formulas (47,48). Just
consider,

J
EO =T E (76)

It is worth mentioning that in the above calculation, if
the magnetic field is calculated first, and then the electric
field is calculated by the magnetic field, the divergence
problem encountered in calculating the electric field can
be avoided. However, the results are consistent with our
direct neglect of divergent items with an average of 0.

2.6. Advanced Potential
Considering the advanced potential,
a_ My i . n
A _4ﬂj0rexp(1kr)daz 77

Similar to the previous method, the advanced potential
can be obtained,

A% (t,x)= —jik%(exp(ﬂkx)—exp(ﬂkm)] (78)

E? =—joA®(t,x) (79)
E® = lim E** (80)
R—0

The second term diverges, but it averages 0. Ignore the
second term with an average of zero,

- J A
E® =+7705exp(+1kx)z (81)

(29) Strictly speaking, divergent terms cannot be
ignored. But it is also possible to handle it this way in
engineering. Consider Faraday’s law (29)



International Journal of Physics 7

XV 2
el gepo_ L |0 2 2
—Joug —jouy | ox oy oz
Ex E, E
Xy 2
212 00 |1 g[-L¢,|
—jouq | ox —joug ~\ 0
0 0 E
Y]
joug " ox °
So,
H®* = Ilim H=—"-y—E
R—w joug ~ OX
1 ... o
=——J(Jk)E;
Joug (82)
K - _ao 1 . a0
272 o
J . N
= E(exp(ﬂkx)) Y

2.7. Superposition of Retarded and Advanced
Waves

According to the viewpoint of Wheeler Feynman
absorber theory [2,3], current radiates half the retarded
wave and half the advanced wave. The author agrees with
this viewpoint, that is,

E” :%(E“‘” +E®) (83)
H°°=%(Hr°°+Ha°°) (84)

When the wavelength is very large, i.e

27

kr=""r >0 (85)
A
there is,
lim E” =
kr—0
klrigoi(—no‘;exp(—jkx)iwyo‘;exp(+jkx)ij (86)
,1[_ 3, i]g,o
) 7702 ’702 =
lim H”
kr—0
- 1(3 L oe IR (87)
= klrlfoz[z(exp(—ka)) y+§(exp(+1kx)) yj
,E[Lrijuk
2272) 2

From above, we can see that the electric field is
completely cancelled and the magnetic field is
superimposed. This seems to be a bit problematic. This
makes the half retarded and half advanced scheme
proposed by Wheeler Feynman cannot be relaized when

r<i (88)

The condition we proposed item 1.2 cannot be met.

2.8. Correction of Magnetic Field

The previous calculations E'™, H™ are the retarded
electric and magnetic fields of infinite plate currents
calculated according to Maxwell’s electromagnetic field
theory. This electric field and magnetic field are in phase.
Such calculations can be found in Feynman Lectures on
Physics [25]. Feynman specifically brought up this issue
for discussion, and it seems that it is very entangled with
this issue. According to Maxwell’s theory,

E™ =7 %exp(—jkx)? (89)

. J . -
H™ = lim H ==(exp(-jkx (90)
R—0 2 ( p( J )) y
Due to the fact that the plane wave generated by the flat
plate current is itself a far-field, radiating electromagnetic
field. According to the author’s theory, a correction should
be made to the magnetic field,

Croo
E

=E™ :—nO%exp(—jkx)i (91)

HE = (<) H™ = (i) (e (-jk))y (92

The superscript ¢ represents corrected, the superscript r
represents retarded, the superscript a represents advanced,
and the superscript oo represents the electric and magnetic
fields generated by infinite plate currents. We calculate
the electric and magnetic fields in the x-direction of the
flat plate current. See Eq.(81)

caoo
E

_E® +770%exp(+jkx)2 93)

H 2> =%(exp(+jkx))§/ (94)

For the advanced wave correction factor, it is not (—j)
but (j), therefore there is,

H® = (j)H @ =—j%(exp(+jkx))§/ (95)

Consider adding a phase factor to both the electric and
magnetic fields, which will not change the phase
difference between them. Only this phase difference is
important. The electric and magnetic fields after
increasing the phase factor are electromagnetic fields with
""" That is,

o orm A
T _ jECr :_JUOEexp(—JkX)Z (96)
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HC = jH ™ = j(—j)%(exp(—jkx))if 97

prean _ _ ipca

—j = —jryO%exp(ﬂkx)i (98)
Hea® — _ jq ca® :—jj%(exp(ﬂkx))y (99)
E', H' are electric and magnetic fields, considering,

ElCrOO — jECrOO
=- iexp(jzjexp(—jkx)i
o 2 2

J . s
=—1p—exp(—j| kx—— |z
T~ n( J[ 2)

J . 271\
=1 EEXD(—J[k[X—EDZ

J . A))a
/) EeXp(—J[k(X—ZJ]Z

So the ratio of E’“"® to E"® moves the current plane in
p
the —x direction
E.croo _ Ecroo (X_%J

Similarly, we have

ElCﬁOO — ECﬁOO (X_ij
4

This way,
B = 1( EC 4+ E%7) (100)
2
Ho* :1(H'Cr°° +HE) (101)
2
Hence,
E =~ jno %exp(—jkx)i (102)
Her® :%(exp(—jkx))y (103)
Ec* :—jUO%exp(+jkx)i (104)
Hca =%(exp(+jkx))§/ (105)
Hence,

g :—j%[no‘%exp(—jkx)hno%exp(+jkx)2} (106)
Hc _1 iex —ikx) ¥ i ikx) ¥ 107
=313 p( Jx)y+2exp(+1 x)y

lim E° = jn—oJ[—i] (108)

kr—0 2

lim H® = iS/
kr—0 2

(109)

In this way, electromagnetic waves appear to emanate
from the plane of (x=—%). For this type of wave, the

waves are superimposed instead of offsetting.

We can see that according to the author’s revised plane
wave, the retarded electric field and the advanced electric
field remain superimposed at kr — 0, and the retarded
magnetic field and the advanced magnetic field also
superimpose, rather than cancel. In this way, we have
implemented the theory of half retarded and half advanced
proposed by Wheeler Feynman [2,3].

In addition, according to the author’s electromagnetic
theory, the electric and magnetic fields of plane waves
maintain a 90 degree phase difference. This is consistent
with the quasi-static situation. Under quasi-static
conditions, electromagnetism also lags behind the

magnetic field by a phase of j :exp[j%) In this way,

half retarded waves and half advanced waves can
degenerate into quasi-static electromagnetic fields when
the condition r < 4 is met.

3. Simple Circuit

The following figure 2 is a simple circuit, for which we
can consider the problem under magnetic quasi-static
conditions.

AN

Figure 2. Simple circuit. It is composed of a power supply and a resistor,
connected by a wide wire as shown in the figure. Line width L, , line
height L, , with current I,. The voltage drop on the line is U

Consider a simple circuit composed of a power supply
and a resistor, for this circuit. Obviously, we are
considering that the voltage between the two wires is U So
the electrostatic field is

= Y559
LZ LZ

That is to say, the electric field should be calculated
based on voltage. Alternatively, the electric field is
calculated by the electric potential ¢. Eg is static electric

field that is related to scaler potential ¢. We are applying
E,=-V¢ (111

(110)
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U= ¢up ~ Paown (112)

The above is for the electric field. The magnetic field is
calculated by the anpere circuital theorem. For upper
current conductors,

J.
Hup =39 (113)
J .
Hdown = Ey (114)
The symbol “ =" in the above equation is because the

width of the wire is finite, so the approximate value
obtained above is.

H =Hyp +Heoun (115)
J. “ [ A
H=2-9=0y=—7Yy (116)
2 Ly
So the wire power
w=ul"
uu”
W="- 117
R
On the other hand, Poynting vector,
S:ExH*z—zix'—y:iU' (118)
L, Ly L,Ly

We can calculate the power based on the Poynting
vector, and the output power is,

W =IjaSoi(da

N x (119)
= Lda:LLZLy —ur”

olL,L L,Ly
The two methods for calculating power are consistent.
From the above simple circuit method, we can see that the
magnetic field of the circuit should be calculated
according to the current through the ampere circuital law.
The electrostatic field is calculated based on the potential
—V¢. Our question is, does this circuit have an induced
electric field? Of course, if we assume that the current is
alternating current. So the magnetic field will induce an

induced electric field. We know,

95CEi.d|=_jwy0§[:JSrH.ﬁdr~—j| (120)

It can be seen that the induced electric field near the

power source is
Ei~—jlz=jl [—ij

The Poynting vector can be calculated from the induced

electric field, which is
EixH ~j (121)

The Poynting vector of an induced electric field is a
pure imaginary number and does not transfer energy. We

will calculate the transmission line later. Transmission
lines are very similar to simple circuit. The transmission
line should consider the transmission of waves. But there
are some properties that should be preserved. For example,
a magnetic field can be calculated from current. The
Poynting vector composed of induced electric and
magnetic fields is a pure imaginary number. Energy
should be transmitted through the Poynting vector
composed of a static electric field Eg and a magnetic

field H . That is to say, the transmission line should meet
the conditions in the wave field (88) and can degenerate to
the simple circuit mentioned above.

4. Review of Using Circuit Methods to
Study Transmission Line Problems

Few people use Maxwell’s equations to solve
transmission line problems. In most cases, the circuit
method is used. This chapter reviews this method. We are
considering a small section of the transmission line, Ax.
Assuming the impedance per unit length of this circuit is

Z=R+joL (122)
The conductivity per unit length is,
Y=g+ joC (123)
Further consider the input voltage and current as,
Uin =U(X) (124)
lin =1(X) (125)
The output voltage is
Uout =U (X+AX) (126)
lout = 1 (X+AX) (127

z

P—
e——

—
) Ix+Delta )

Ufz+Deltax)

Figure 3. The voltage drop on the transmission line is U(x), and the
current is I(x)

Using the Kirchhoff voltage theorem,
U (x) = 1ZAx+U (x+AXx) (128)
or
~1ZAx =U (x+Ax)-U (X) (129)

Or
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1z :w (130)
AX
or
0
-1Z =—U(x) (131)
oX
According to Kirchhoff’s current theorem,
1(X)=1(x+Ax)=U(x)YAx (132)
or
I(X+AX)=1(X
( )21 -U (x)Y (133)
AX
or
0
—1=-U(x)Y (134)
OX
Consider (130) Consider
=290 (x) (135)
Z ox
Substitution (134)
EK_LEU (X)J — U (x)Y (136)
OX\ Zp ox
or
52
—U(x)=2YU(x) (137)

oX

If R and g are both small quantities, they can be
ignored,

ZY =(R+ joL)(g + joC) = joLjoC = -w?LC (138)

Hence,
52 2
— U (x)=-0°LCU(x) (139)
OX
or
k =w’LC (140)
pY:
—U(x)+k?U(x)= 0 (141)
OX
The solution is
U (x) =Ugq exp(—jkx) (142)
Similarly, it can be concluded that,
1(x)=1qexp(-jkx) (143)
Consider,
10 1, . 1, .
'(X):—Q&U (X):‘g(—lk)u (X):—H(—Jk)u (X)(144)
1 1 C
:Eku (x):aa)«/ﬁu (x):\/;J (x)

or

()= 2U () (145)
U (X)= | =1(x) (146)
“\c
It can be seen that U(x) and I(x) are in phase.
L
Zy= \E (147)

The characteristic impedance of a transmission line.
Where C is the capacitance per unit length. L is the
inductance per unit length. Consider a special case where the
radius of the wire is assumed to be a. The distance between
two wires is d , so the capacitance per unit length is

2
c =9 (148)
d
In—
a
The inductance per unit length is,
L=Hoppd (149)
27 a
The characteristic impedance is
(150)

5. Using the Electromagnetic Field
Theory in Today’S Textbook to
Calculate Parallel Transmission Lines

The transmission line consists of an upper conductor
and a lower conductor, forming a waveguide device. This
device can confine waves within the transmission line. At
the transmission line x =0, there is a current J in the
direction of the current along the z-axis. This current
generates a magnetic vector potential A.

-

Figure 4. Parallel transmission line, line width Ly , line height LZ,
with current | . The voltage drop on the line is U
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5.1. Parallel Transmission Lines in
Electromagnetic Theory Textbooks

Our textbooks generally approach transmission line
problems by considering TEM waves, where the electric
field follows the z-axis direction and the magnetic field
follows the y-axis direction,

E=E,(xt)2 (151)
H=Hy(xt)y (152)
Satisfy Maxwell’s equations
0
VxE =——ugH (153)
x 50 -0
0
VxH =+—¢E (154)
ot

The above equation assumes that J and p are both 0.
Therefore, ¢ is 0.

Xy 1 X ¥ 2z
VxE = ai % ai _ ai 0 0
X z X
(155)
E« E, E| |0 0 E
~( 0
=-Jy| =E
y(ax Zj
X y oz X vV 2
VxH = ai o 82 = 63 0 0
x oy a OX 0ol (156
Hy Hy H, y
~ 0
=z—H
ox Y
The Maxwell equation is transformed into (153,154),
0 0
—E, =— uoH (157)
ox 2 a0y
0 0
—H,=—¢E (158)
ox Va0
Or
0? o 0 0°
aX—ZEZ=a,LlogHy=/J0€0¥EZ (159)
Or
02 02
—E, = ygqg—E (160)
axz z 008]:2 z
Or
0° o
E, = e jo)  E, (161)

ox?

Or
2
o E, +k’E, =0
ox?

wherein

k2 = /1060602

11

(162)

The above equation is the Helmholtz equation, and its

solution is,
E, = Egexp(-jkx)
Similarly, for magnetic fields,
H, = Hgexp(—jkx)
Consider (157),
0 0

ax T atety
Or
- IKE, = jougH,
Or
—kE; =ougHy
Or
—EZ:wﬂOH __®H ny _ |

k W\ €My ! €0

E, :_770Hy

(163)

(164)

(165)

(166)

(167)

Hy =mnH, (168)

(169)

This indicates that the electric field and magnetic field

are in phase. We assume that,
Hy =Hg exp (— jkx)
Obtain,
E, =-mgHq exp (- jkx)

(170)

171)

The reference literature for solving transmission line
problems using the field method can be seen from [26],
and Liang Changhong particularly compared the circuit

method with the field method,

0 .

—(-U(x)) = joolLI

: ©

a—xl = JCUC (—U (X)) &Hy = ja)foEZ

0 .
&Ez = JouHy

(172)

If we take a double wire transmission line as an
example, assuming the radius of the wire is a and the
distance between the two wires is d, the capacitance of the

wire is

C-= 272'60

In—
a

Inductance is

(173)
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L-Fopd (174)
27 a
Hence,
0 .
&(—U(x)): joLl
0
= = joC(-U (x)) .
175
9 _ it d
6'x( U (x)) jol =l
=l 0 27[60
= _
ax J |n9( U(X))
a
or
i(—u (x))=1] Mo 1099
ox2 27 aox
My 27eg (|
=jo2n ja)—lng( U (x)) (176)
a
= -0’ ey (-U(x)
or
iu(x)mz U (x)=0 (177)
o2 Hoco =
lets,
k? = 0 1oeg
we obtain,
U (x) =Ug exp(—jkx) (178)

This indicates that the field method can obtain the same
results as the circuit method. If considering the following
changes

1,-U(x),L,C & Hy,E; 49,6 (179)
The left and right sides of the formula (172) are
equivalent.

5.2. Problems with Methods in Parallel
Transmission Line in Textbooks

This method seems to have no problem calculating the
electric and magnetic fields according to Maxwell’s
equations. Actually, it is an incorrect methode (the author
believes it is incorrect). For transmission lines, the electric
field consists of two parts: the static electric field and the
induced electric field. This is already evident in the
previous chapter 3. The transmission line should be able
to degenerate into a simple circuit. Because there is
voltage between the upper and lower wires. This voltage
will generate an static electric field, which is generated by
electric potential and is also in the same phase as the
current, that is,

E;=-V¢ (180)

Additionally, at wire x = 0, there is a power source, or
equivalent power source. This power supply has current. This
current should contribute to the magnetic vector potential

J=1J,1 (181)

We should calculate the induced electric field based on
the magnetic vector potential A. This method is exactly
the same as the one we use to solve antenna problems.
Otherwise, one method is used for solving the antenna,
and another method is wused for -calculating the
transmission line. That is in correct.

The author believes that electrostatic fields

S ) S

(182)
LZ I‘Z

E, It’s an electrostatic field. ¢, is the potential of the

upper wire. dqoun IS the potential of the lower wire.

U= ¢up = Pdown

(183)
U =Ugexp(—jkx)
U, is the initial voltage, which is a constant.
1 .
= =—L—U0 exp (- jkx) (184)
Z
1 . -
Es :L—UO exp exp(—jkx)(—zj
’ (185)
= Eg exp(—jkx)(—i}
wherein,
1
Eso =7Vo (186)

yA

At this point, we will find that the curl of this
electrostatic field is not zero

N o0 i
VxEq =—y(& Ez):_y&(ESO eXp(_JkX)(_]‘))

~ 0 .
= ¥—(Eso exp(-jkx) (187)
OX
= — jkEsg exp(-jkx) ¥
The author believes that this part of the electrostatic
field cannot follow the Faraday formula
VxEq :-jwﬁB (188)
ot
Contribute to the magnetic field. Therefore, the above
formula cannot be used to calculate the magnetic field.
This is because Maxwell’s original equation was
E ——v¢—ﬁA (189)
ot

In this equation, we can only use —V¢ to find the
electrostatic field Eg.
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E,=-V¢ (190)

We can only use vector potential A to calculate the
induced electric field

E; - %a (191)
ot

This formula is equivalent to Faraday’s law

V x EI z—ng—jCOB (192)

Therefore, we can only using the curl of induced
electric field E; to calculate the magnetic field B .

Alternatively, use the curl of vector potential A to find
the magnetic field B

B=VxA (193)

The curl of the electrostatic field in formula (187) is not
0, which is a very special case. In this case, write again

vxE--2B (194)
ot
It’s not correct because the above equation means,
Vin+VxEs=—gB (195)
ot
And at this point
VxE #0 (196)

The equation (189) is the Faraday’s law in Maxwell’s
own Maxwell equation, while the equation (194) is a
modified Maxwell’s equation by Maxwell’s descendants.
At this point, it can be seen that Maxwell’s own
Maxwell’s equation is more advanced than that of
Maxwell’s descendants.

5.3. Revise the Above Theory
The equation (151,152) actually means,

Ei =E; (x.t)2 (197)

H=Hy(xt)y (198)
The subscript (i) means the induced electric field E;
instead of the electric field E. The induced electric field

and magnetic field satisfy the following relationship,

V x EI =—§ﬂ0H (199)

VxH :+£€0Ei (200)
ot
Comparing the above equation with (153,154) shows
the difference between the two. The solution of the above
equation

Hy = Hgexp(-jkx) (201)

Ei; = —1oHo exp(— jkx) (202)

The above two formulas are the solution obtained based
on the retarded wave that satisfies the Maxwell’s
equations. If written completely, it should be

H g/:\zaxwell =Hp eXp(_ij) (203)
Ei(zrl\)/laxwell =—179H exp (- jkx) (204)

The superscript (r) represents retarded, and the

subscript i represents induced. The subscript Maxwell
represents the value calculated according to Maxwell’s
electromagnetic theory. The magnetic field in the above
equation is already correct, so we need to modify the
induced electric field according to (21,22)

Ei(r) = jEi(l\r/I)axweII = jUOHOEXp(_ij){_i} (205)

H() = H,(\;glxwe“ =Hpexp(-jkx)y  (206)
In this way, we obtain a magnetic field and an induced
electric field. We noticed that after the correction, the
phase of the induced electric field is consistent with that of
a simple circuit, as described in chapter 3.
The Poynting vector is calculated from electrostatic and
magnetic fields,

S=EgxH" =Egexp(—jkx)(~2)x(Hoexp(-jkx)¥)" (207)
= EgoHoX ~ X
In the above equation,

E~U~I~H (208)

That is to say, electrostatic field Eg, the phase of is

consistent with the phase of the voltage and the phase of
the current, therefore it is also consistent with the phase of
the magnetic field H . The above equation (207) is a real
number, so this Poynting vector transmits active power. If
we calculate based on the induced electric field,

Ei xH = j?]oHO eXp(—ij)(—’i)X HO eXp(—ij) ’y (209)
= jmoHoHoX ~ jX

The above equation is a pure imaginary number,
indicating that reactive power does not transfer energy.
Therefore, the power corresponding to the induced electric
field is reactive power. That is to say, the author believes
that there is still an induced electric field within the
transmission line. Comparing to the electrostatic field Eg,

the phase of the induced electric field E; lags by
j=em(iZ)
2 .

6. Calculate the Electric and Magnetic
Fields According to the Circuit Method

We hope to solve this problem in multiple ways. Firstly,
we consider that the voltage and current have been solved
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according to the circuit problem in Chapter 4. Assuming
we have already calculated,

= loexp i)
U =Ugexp(—jkx)

(210)

(211)

Now we need to calculate the electric and magnetic
fields. among

(212)

is the impedance of the transmission line. Here we
assume that there is no reflection.

6.1. Calculation of Electrostatic Field
U

E.=——7% (213)
S LZ
So the electrostatic field is,
U —jk
E, :LLJ_(—Q):—O ex"i( )y (@)
A A

L, Itis the height of the transmission line.

6.2. Calculation of Magnetic Field

Considering the contribution of the above current to the
magnetic field, due to the infinite length of the wire, the
vector potential is infinite. Consider parallel transmission

lines being relatively wide. Ly compared to L, is much
larger, so we can approximately obtain

(215)

v (216)

We know that the contribution of the lower wire to the
magnetic field is the same as that of the upper wire, so the
total magnetic field is,

H =Ly=i|0exp(—jkx)§/ (217
Ly Ly
6.3. Calculating Power
The average power is
P=UI" =Ugexp(—jkx) (1o exp(— jkx))” ©18)

=Uglg =U¢Z

We will calculate the power based on the electric and
magnetic fields

« Ug exp (- jkx)

E.xH
s L,

(—2)X(Li|0exp(—jkx)‘y)* (219)
y

So
« Uglg .
S=E¢xH =—90% (220
L,L,
P—Sfjs S.Adl =L, L UO—'SM—U Iy (221)
=4p- =Ly yl—zl—y —~o'0

Therefore, the power calculated using Poynting vector
is consistent with the power directly calculated using
voltage and current.

6.4. Calculation of Induced Electric Field

Now we know that magnetic fields and induced electric
fields can be calculated according to Faraday’s law in
Maxwell’s equation,

VxEj = - jouyH (222)
X vy 2 X ¥y z
veE |2 2 22 4
x oy az | |ox (223)
Ex Ey E.| L0 O Eg
(0
-5
[ L, |-~ jouoH (224)
x 2T JopgHy
—(—JKEj;) = - jougH, (225)
~(KEi; ) = wmoHy (226)
wHg
Bi ===~ Hy=-m0Hy (227
This means that
(r) _ (r)
EizMaxweII __UOHyMaxweII (228)
wherein,
r 1 .
Hgmzaxwen :L_IO exp (- jkx) (229)
y
e =1 ik (230)
izMaxwell __770L_ OeXp(_J X)

y

We know that the above magnetic field calculation is
correct, so we need to make corrections to the induced
electric field (21,22)

. . 1 .
Ei(zr) = JEi(zrl\zlaxwell = _JUOL_IO eXp(_JkX) (231)
y

(r

1 .
Hg’r) - HYI\zaxwell L lo exp(~jkx) (232)
y

So we see that if we calculate the Poynting vector,



International Journal of Physics 15

(M3 Hg,r)y

S=E;

.1 . 1 N A

= [‘1770 ™ lo exp(—ka)](L— loexp(-jkx)) (%) (233)
y y

= o115k
=JoT—'olo
Ly Ly
The Poynting vector composed of induced electric and

magnetic fields is a pure imaginary number. It is reactive
power and does not transfer energy. These results are
consistent with the 5.3 section of the previous chapter.
Here, we calculate the magnetic field from the current and
the induced electric field from the magnetic field, and the
calculated induced electric field must be corrected. At this
point, the induced electric field is corrected.

7. Calculate the Transmission Line Based
on the Curl of the Magnetic
Vector Potential

In this chapter, we do not consider the contribution of
the upper and lower wires to the magnetic vector potential.
Two wires act as waveguides to confine waves in one-
dimensional space. Electromagnetic waves propagate
along the x-axis. It can be considered that the magnetic
vector potential propagates along x.

7.1. Calculating Vector Potential

The transmission line problem is a one-dimensional
problem, where electromagnetic waves can only propagate
in the x direction. The vector potential generated by this
problem should be consistent with the vector potential
generated by an infinite plate. The vector potential of an
infinite plate current is,

A~ j%exp(—jkx)dv (234)
v

A~ Jozexp(- jkx) (235)

Now we consider the magnetic vector potential of the
current extending along the z-axis at the source x=0,
where the current is 1, the surface current density is,

3y =0 (236)
LY
Hence,
J =002 (237)

Consider that the magnetic vector potential should
propagate along the x-axis without decay. Therefore, the
magnetic vector is,

A~ Agexp(-jkx)Z = Jgzexp(-jkx) (238)

7.2. Calculation of Induced Electric Field

The induced electric field is,

E - _§A~ ~ joAg2 expexp (— jkx)

= joAyexp(-jkx)(-2)

The induced electric field calculated from the magnetic
vector potential does not need to be corrected.

(239)

7.3. Calculation of Magnetic Field from
Vector Potential

The magnetic field can have the curl calculation of
vector potential,

H~Lvxazlvx (Avzexp(—jkx))  (240)
Ho Ho
:iVexp(—jkx)x Ny (241)
Ho
:iexp(—jkx)(—jk&)x Y (242)
Ho
1 N
= jk—Agexp(-jkx) ¥ (243)
Ho
assume,
kL Ay = Ho
Ho

So, according to Maxwell’s electromagnetic theory

H ~ jHoexp (- jkx) ¥ (244)

We know that the induced electric field can be obtained
from the Maxwell equation E; in the (—2) direction, the
magnitude includes a spatial impedance n,. phase that is
completely consistent with H, that is,

Ej = jnoHo exp(-jkx)(-2)

The above equation is based on Maxwell’s
electromagnetic theory to obtain the induced electric field,
which is in phase with the magnetic field. Numerically,
there is an additional impedance factor n,. Our research is
only interested in phase, and the above equation is
consistent with the formula (239).

(245)

7.4. Calculation of Static Electric Field

There is a current on the transmission line and a voltage
U between two wires. This voltage can of course form an
electrostatic field, which is consistent with the previous
calculation.

U =Ugqexp(-jkx) (246)

Eo=22-LWep(jk)(-2)  (247)
L L

A
7.5. Correction of Magnetic Field

Since we calculate the induced electric field based on
the magnetic vector A, the phase of the induced electric
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field calculated is correct, and the phase of the magnetic
field calculated from the induced electric field must be
corrected,

Hreal = (_J) H maxwell (248)

Hpviaxwen = 130 €xp(—ikx) ¥ (249)

Hyeal = (_J) o eXp(—ij) Vy=1Jp eXp(—ij)S’ (250)

Hyea 1s the true magnetic field, which is also the

magnetic field obtained after correction according to the
author’s electromagnetic field theory. It can be seen that
the corrected magnetic field and current are in phase.

7.6. Discussion

According to classic electromagnetic field theory
textbooks such as literature [26,27], the electromagnetic
field satisfies the Maxwell equation,

0
VxE =—— unH (251)
oMo

VxH =+£EOE (252)
ot

The Maxwell equation above ignores the current J and
charge density p . Due to ignoring o . Therefore, the

electrostatic field generated by charges has also been ignored.
E,=-V¢ (253)

In fact, the transmission line is composed of two
conductors, and there is an electrostatic field between
them, which is generated by —V ¢ . This part of the field is
in the same phase as the voltage and current on the
transmission line. such as

¢= ZE—eXp(—jKX) (254)

Z

This indicates that the electric potential varies linearly
with the variable z.

0 0 ) .
By = —Eqﬁ = —E(ZL—eXp(—ij)]
z (255)

U .
= —— — k
- exp (- jkx)

Z
from (245) we can obtain,

0
ot (256)
~ i do exp(— jke)(-2)
Therefore, according to the author’s theory, there are

actually two types of electric fields within the
transmission line, the electrostatic field Eg and induced

electric field E; . According to general textbooks, there is

only one type of electric field within the transmission line,
whether it is an induced electric field or an electrostatic
field. The induced electric field calculated by the author
has a phase factor j comparing to current. The induced

E; =

electric field in general textbooks [26,27] does not exist.
The electric field in general textbooks [26,27] does not
have this phase factor comparing to current. Therefore,
both methods can be verified through experiments.

Since the induced electric field can be regarded as a
circuital field, we can measure it using a coil. When
measuring with a coil, it is impossible for the electrostatic
field to enter the measurement system.

8. Experiments and Measurements

Assuming we use an electromagnetic signal with a

wavelength of 1 meter, the frequency of this meter wave is

f_c_3*10°

A

A transmission line of 5 meters is sufficient. It is

already 5 times the wavelength, which can be considered

long enough. For the convenience of measurement, double

parallel wire transmission lines are selected. Assuming the
radius of two wires a is one millimeter,

a = 0.001Metre (258)

Assuming the distance d between the wires is one
centimeter,

=300MHz (257)

d = 0.01Metre (259)

Calculate capacitance per unit length,

_ 270 _ 27 g e5a187817x10712
nd  In10

a
=2.416*10"1

=24.16x107 = 24.16 pF

C

(260)

Calculate the inductance per unit length,

* —7
L:&IHE:AW 10
2r a 2r

= 4.60517*10~"
=0.460517*107° = 0.460517 H

In10 = 2*10~ *In10

(261)

The characteristic impedance of the transmission line is,

0.460517*107°

S alorpo il 136060

(262)

Therefore, a 136 2 resistor should be connected at the
end of the transmission line.

8.1. Measurement of Magnetic Field

Magnetic field is the easiest to measure, using traditional
current measurement equipment that actually uses Hall
elements to measure the magnetic field around wires.
Therefore, this device precisely provides the phase of the
magnetic field. This phase is the phase of the current on the
wire and also the phase of the magnetic field.

8.2. Measurement of Electrostatic Field
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The phase of the electrostatic field can be obtained by
measuring the voltage between two wires. This phase
should be the same as the previously measured magnetic
field phase.

8.3. Measurement of Induced Electric Field

The induced electric field can be measured using coil
type magnetic field measurement equipment. Because this
method of measuring magnetic field actually calculates
the magnetic field by measuring the induced electric field
(induced electromotive force). Therefore, we can use it to
directly measure the phase of the induced electric field.
Compare the phase of the induced electric field with the
phase of the current.

According to classical electromagnetic field theory, this
part of the induced electric field is generally ignored in
textbooks. Or do not mention this part of the induced
electric field at all. Alternatively, it can be considered that
induced electric fields and static electric fields are the
same thing, which is an electric field. The author believes
that there is a phase lag between the induced electric field

and the magnetic field, which is the factor of (j) .

Therefore, induced electric fields and electrostatic fields
are completely different. This is reflected in a simple
circuit. The author believes that the transmission line
problem must be able to degenerate into a simple circuit.
Therefore, the induced electric field should lag behind the

currentby j= exp( j %) .

8.4. Direct Measurement of Induced Electric
Field Using an Electric Field Near Field
Measuring Pen

The electric field near-field measurement pen can be
used to measure the electric field. This measurement
should include both electrostatic and induced electric
fields, which are the sum of electrostatic and induced
electric fields. According to classical electromagnetic
theory, there is only one type of electric field on a
transmission line, which is in phase with the current.
According to the author’s theory, there are electrostatic
fields and induced electric fields on the transmission line,
and the phase of the induced electric field is 90 degrees
lagging than that of the magnetic field. Since the values of
the two electric fields are basically the same, the phase
factor will become 45 degrees. Namely

E=E,+E; (263)
E=nHoy+ jnHoy

) i (264)
=77H0(1+J)=77H09XP(J%j

Therefore, according to the author’s method, it is
calculated that the total electric field measured by the
near-field measurement pen should have a phase lag of

exp[j%j. According to classical electromagnetic theory,

this phase is 0.

9. Conclusion

The author has made revisions to the classical
electromagnetic field theory, which includes incorporating
advanced waves into the theory. In order to ensure that the
electromagnetic theory including advanced and retarded
waves remains self consistent. The author has made
corrections to the solution of the Maxwell equation,
mainly by correcting the phase of the far-field magnetic
field. The Poynting vector of the antenna in the far field
after correction is reactive power. At the same time, the
mutual energy flow becomes active power. This revised
theory is difficult to be verified through measurement. For
example, for transmitting and receiving antennas, it is
necessary to measure the far-field of the transmitting
antenna. However, the far-field magnetic field of the
transmitting antenna is very weak and difficult to measure.
Both electric and magnetic fields are easy to measure on
transmission lines. Therefore, this article chooses to
further calculate the transmission line using the author’s
electromagnetic theory. The author also reviewed the
calculation of transmission lines based on classical
electromagnetic theory. Comparing the calculation results
of the two, according to the author’s electromagnetic
theory, there is not only an electrostatic field but also an
induced electric field on the transmission line. If we
discover an induced electric field through measurement
and the induced electric field lags behind the current by a

factor j:exp[j%) , it indicates that the author’s

electromagnetic theory is correct. The author is preparing
to complete this experiment in the next step. This
experiment is relatively easy, and the author encourages
readers to do it themselves too.
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