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Abstract

Through reexamining the intention of duality in classical physics, we will develop the electromag-
netic field equations (EFEs) into a new dualized form. In the process, we will see 1) the dual sym-
metry does not represent the counterpart of electricity and magnetism, but a technique of expres-
sion, that is, any dualized equation will be equivalent to its originality. This symmetry can natu-
rally lead to a conserved quantity (called the dual spin), and meanwhile is responsible for charge
quantization; 2) magnetic monopole is not compatible with the classical physical laws. Such an opi-
nion can be summarized as no-reality theorem, namely, any Dirac typical dual object will have no
reality, such as, no realities of magnetic monopole and permanent electrics, so that the final con-
clusion is magnetic monopole which does not exist.
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1. Introduction

Regarding the originality of magnetic charge, we could go back to the 19th century. At that time Helmholtz used
the concept to calculate the force exerted on a “magnetic particle” by electric current [1]. Meanwhile, based on
the fact that the magnetic flux across a closed surface was always zero, Maxwell pointed out that no evidence
indicated the possible existence of magnetic charge [2]. Nevertheless, a set of symmetrised MEs was first ob-
tained by Heaviside in 1893 [3], but Heaviside himself didn’t trust magnetic charge. Thus, he called it “ficti-
tious”, and even thought that its sole worth was providing a convenient way to describe electromagnetic pheno-
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mena. In 1931, Dirac presented an idea of magnetic monopole to symmetrise Maxwell equations (MEs) as

v.-E="e, veE+B_ i
& ot (1.1)
1 0E | '
V'BZﬂopm, V)(B—C—ZEZ,UOJ‘3

g, and u, denote the dielectric permittivity and magnetic permeability. At the same time, Dirac also as-
serted that magnetic monopole would be responsible for the separate property of charge [4]. Importantly, Dirac’s
idea could guide people to pursue the natural symmetry. This kind of symmetry is not only in mathematical form
but also in physical connotation.

Essentially, what Dirac formulation led to was a Coulomb-like magnetic field with a flux going along a kind
of unique string as a channel, but no actual magnetic monopole (at least no experiment could confirm its exis-
tence) [5] [6]. After all, breaking two poles (North and South) of a magnet always produced two smaller dipoles,
rather than monopoles. Therefore, in Dirac theory, MEs have not really been symmetrised [6]-[8]. This is so-
called magnetic monopole question.

Here, by the re-explanation of duality we will highlight that the duality doesn’t imply the existence of mag-
netic monopole, but a more extensive symmetry: MEs are not our only choice, whose dualized form will have
the same effectiveness, and thus express the proper dual symmetry of electromagnetic movement. Finally, we
will verify that magnetic monopole is impossible.

2. A General Form of Field Equations

In modern notation, MEs in Heaviside-Lorentz units read [4] [9]

V-E=p,, VxE+la—B:0

c ot

10E j 1)
V.B=0, VxB---J

cot ¢

Applying this equation system in simple medium gives the following non-covariant form

B
VE=p, VxE++B_o [E=(sE B-——
1))

x i

LoE i : (2.2)
V-B=0, VxB-—o=de |y _Le it
v, Ot v, \/g \/g
with a speed v, defined by relative permittivity ¢, and permeability u, as
< 23)

C
T on i)
med

™ and x™ denote the electric and magnetic susceptibilities of medium.
A set of covariant equations we want to introduce to replace Equation (2.2), is massive electromagnetic equa-
tions (described in Minkowski coordinate system (x, y,z,R¢,ct)) [10]

1 0b 1 0B
V-E+——= B)VXE+-—"2=0
(@) V- E+gigg =P (O)VxE+7
(c)V-B=0, (d)vxB+ L% 1B _J.
Rop c ot ¢
10b j OB @4)
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1 0E 1 0e
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but need to redefine the polarized vector field e and scalar field b

1 _y 10e _ lg.pe LR _ F

=VP=—p, o= VxM, 25
R 0 T Y ca ¢ 25)
with
P =P P, M, =M+ M
vac med . evac emed (26)
=P TP T.=J

where, the characteristic length ‘J{(: 1.3x10% m) reflects the effective range of electromagnetic interaction.
£, M, the total polarization and magnetization (including the vacuum and medium effects), ., -+ the
corresponding bounded charge and current. Then, the two susceptibilities become

g, =14 0+ x, g, =14 g+ g 2.7
Now, if consider the charge fluctuation, we are allowed to write the flow equation
- ap' = 1 a = . i
V. +—==0, V=V+——, - =4, % 2.8
R Wog 7 (#.%) (2.8)

“svac

V s the gradient operator of 4-dimensional space (x,y,z,%¢), the total added current - (= Je 4 jmed

- vac

(flowing along ¢ -axis) consists of two parts: one ( Je ) arises from the charge deviation [10], the other
( je‘“ed) the possible transform between free and bounded charges. Then, the equation together with Equation
(2.4) gives
= = apc - . < ~
V-JE+E=0, Jo=(de)s Jo=—% (2.9)
To illustrate (2.4) covariant, it is sufficient to show that the contained equations can be written entirely in

terms of Lorentz tensors. The covariant path will begin with the introduction of electromagnetic field tensor

0 B, -B, e -E,
o -B. 0 B, e -E,
oo CAT_OAT g | B B 0 e -E (2.10)
ox, Ox, :
—e, —e, —e 0 -b
E. E, E b 0

with a 5-dimensional potential A" = (2,(/)) = (A,;l,(p). The components of F™ transform according to the

generalized Lorentz rule

F™* =al al F™ (2.11)
with transformation matrix
yu e _ﬂuyu
o’ = : 1 : y, = L ! (2.12)
" ’ ’ > |- 82 -2/ ’
_ﬁuyu yu \/ ﬁu \/ u /C
which reproduces the field transformation formulae
E/’/ :E//’ EJ’_ :yu (EJ_+ﬂu><B)
B/'/:B//’ Bizyu(BL_ﬂuxE) (2 13)
ell = eL’ e/'/ = yu (e// _ﬁub)

b=y, (b _,Bue//)

By F™, the homogeneous and non-homogeneous equations in (2.4) can be expressed as
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L S e R N A VAN (2.14)

including the generalized continuity equation J!", =0 and Lorenz condition A7 =0.
In the case of neglecting vacuum effect and added current (i.e. - =0), we also have

med
l@:v.ﬂmed = X;“edV-E =X5—V'E
R o4 L
1 1 16Pmed med med E
Rop ¢ c o 1+ c o
med med
SR S S Y .
L+ g el 0 o

Substituting them into Equation (2.4), we find its first four equations (a) - (d) just reduce to Equation (2.2),
implying the two are completely equivalent. Meanwhile, Equation (e) becomes the bounded charge conservation
/ ot=0, and the remainders (g) and (f) acted by operator 0/0¢ will lead to the second field

med

V- op;

equations respectively
2 2 emed
V’E, —iz@alfs - 9;2 Z ’f =Vpr +i2515_
t t
¢ ¢ ¢ (2.16)

2 2
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Correspondingly, the free part obeys

2
| O°E, 1§
VE T Ty
clazB 1 ¢ (2.17)
V’B — L =_ZvVx
Tt o c Je
Pulsing (2.16) and (2.17) together gives
=, 1 O°E 1 9,
VIE-——5=Vp+—5—" (E-E, +E
¢ Ot ¢ ot Vi s 2.13)
-, 1B _1_ . |B=B +B,
VB aaE Tk

Which have the following free wave solutions (p, = j. =0)
E ~ E """ k,,
0 k, = [k, o 9] (2.19)

2
ik x™
B~ B¢

with an effective angular wave number lgeff defined by
ky =k + R, 1?:27“:1, e =% (2.20)

k and k. denote the angular wave number and Compton wave number of photon in medium, /T(— 2m)

the angular wave length [ 10]. Correspondingly, the frequency dependence reads

272 7
’k’, k* myct

o =k + ;tf ey +%+% 2.21)
R R h

This dispersion relation can help us to get the group and phase velocities
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dw Czlgz;/‘ K’ ke
TN o Ty oW e

w c c (2.22)

r ok Czlgjf | czlgz Czké
P | low T

The former represents the project of generalized light speed ¢ (propagating in space (x, v, z,iR¢)) to the real
space, the latter the velocity of the intersection point of wave surface and z-axis moving along the axis. They
both tend to ¢ together, only as @ — 0.

Especially, neglecting magnetization effect (due to u, ~1 for most mediums) gives

272 272
T ——; 1—(02—"2+#] (2.23)
vac med iR w
I + xe @

For vacuum case, the group velocity of photon becomes

¢ k>
vy ===l

Jre R

which can help us to estimate the vacuum susceptibility for the radiation of w ~10" as
2 8 2
c 3.0x10 66

e = = =5.3x10 225

L TRy [1.3x1026x1015] 223

being a very small value. When traveling through a medium of refractive index » =1.5, this frequent photon
will obtain an inertia mass(corresponding to the spin mass of photon m, =#/(Rc)=2.8x10"" kg) [10]
Ik _ho

2
C Cc

(2.24)

ny

1 _
(1 —n—zj =8.6x107" kg=0.5eV (2.26)
only about one-millionth of electron mass m, = 0.5 MeV .

3. The Dualized Form of Field Equations

Notice that, by introducing the displacement current JE/o¢ in analogy to the magnetic term 0B/dt , Maxwell
successfully constructed a set of divergence and curl equations both for E and B: it would look like to be
quite symmetric, but not completely [7] [9]. To symmetrise (2.4), we introduce the definition of
* ¥ .
— p, =cosap,, . =—sinap,
{Pe Pe Pe P p 3.1)

= e = L
]e _>Je —COS(X]e, ]e __Slna]e

for dual current (]j, ol ) , a is an angular parameter. By which, Equation (2.4) can be expanded equivalently

into a 2-component dualized form (superscript * omitted)

v.E+L L, V-B=0, Viesl__Je
R 0¢ c Ot ¢
1 PGt
V'ET‘FL%ZPZ, V-B =0, V.eT_l%:J_e
R O0¢ co ¢
vxE+ LB o, vxp+ e 1B _J. Vxe+r LB g (3.2)
c Ot Rop c ot ¢ R 0¢
f ¥ gt T
VXET_lai:Q _vaT_iai_laL:J_e’ vXeT_i_iai:()
c ot Rop c ot c R O0¢
t ¥
Vb_la_EJrl@:o’ VbT_iai_laizo
ROp c ot R Op c ot
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with the dual fields E',B',e’,b’ given by
104"

E'=vV¢o' ————, B =-vxd'

c Ot

1 04" 104" 104 33)
e =-vA 4+ —Z2 b= ——

R O¢ R Op ¢ ot

A" = (Aﬂff,(p*) is dual to potential 4" = (A,Ql,q)) . The minus sign in front of dual flux j' indicates a
left hand rule governing its induced fields, in contrast to the right hand rule associated with flux j, . In the way,

we get a new set of dualized equations with perfect symmetry, in which electromagnetic fields (E,B,e,b)
have the same status completely with their dual objects (E " Bt el b ) However, it needs to be pointed that,

the here defined two groups of field quantities completely different from the original idea of duality, must be
required to satisfy different equations: the former obeys the ones without superscript T in Equation (3.2), the
latter follows the remainders, that is to possess the mutual independence.

The dual symmetry of Equation (3.2) can be understood as invariance under dual transformation. Thus, by de-
fining the 2-component arrays [11]

Tm _ Jcm m 4" omn _ gn.m A m.n _ F™
! _L’”}’ ! _L’”}’ re {F”“’*} oY
and a matrix
5(0)_ cosf sinf (3.5)
| =sinf cos® .

we have the transformation relation

j/m _ Ujm , Z!m _ UZm, f/mn — Uﬁmn (36)

It shows that, the essence of dual transformation actually reflects a kind of rotation by angle 6 . To illustrate
the rotation needs to get help from Mobius strip [9], in which if a vector and its anti-vector are designated to
represent two dual quantities @, Q' (see Figure 1), one can find, with translating the vector pair will natural-
ly achieve the exchange of its two components. This means, the distinction between two dual quantities is
merely one of definition. So that, if early days the electron was asserted to be dually charged(tantamount to the
dual form of MEs first established, or the left hand rule adopted to govern the field of moving charge), then
present people would be engaged in analysis of the electrically charged objects, but the result is the same.

In the presented, the electromagnetic fields and their dual objects are treated in the same way, and there some
consequences arise. For example, a moving dual charge ¢' induces BT, analogously to a moving electric charge
g inducing B (see Figure 2).

The dualized tensor F™ can help us to express Equation (3.2) resultantly as

an,l +Fnl,m +ilm,n _ 0’ F_::m — jm (37)
accompanied with the dualized continuity equation 7 " =0 and Lorenz condition Z’;’Z =0. Now, it is easy to

verify, the developed equations still have gauge invariance under the transformation of 4™ — A" +&™",
namely

Figure 1. Dual transformation can be illustrated by the translation of dualized vector
(Q,QT) in the space of Mobius strip (unfolded).
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Figure 2. The fields induced by moving charged particles: (a) A pure electric charge
q , 0=0; (b) A dyon (quoted from Schwinger’s invention [12]) of carrying two mu-

tual dual charges (q,q*) , 0 <0<m/2;(c) A pure dual charge ¢', 0=mn/2.

A > A+VE .
_,  _ lée> 5=LT} (3.8)
% R —
g0 c ot
¢ is an arbitrary dualized scalar function. If gauge invariance held, the Lagrangian reads
L= —%ﬁmnﬁm" —4,T" (3.9)

whose variation with respect to ;lm yields Ff” =J". In order to organize effectively EFEs, we write the
stress of current J" as

fr=F"T =T (3.10)
with the electromagnetic stress-energy tensor given by

Tmn — ”klﬁmkfnl _nmnn

1 — 1/= = .\ (= ~ _ 3.1
M=-F"F :—(E E—B-B)+—(b 3 e)
4 2 2
Applying dual transformation to Equation (3.10), we find
flm — ]-:'Izmn — ﬁ/mnj'r, — iﬁﬁmnﬁjn — I?mnﬁﬁjn _ ﬁmn 7'1 — leiznn — fm (312)

It shows that, the transformation doesn’t change the form of Equation (3.2), and the electromagnetic interac-
tion also keeps the same. In this way, the electrodynamics displays its unique dual invariance. The invariance
means, any one would obtain the same results, when he wish to adopt dualized equations to describe the elec-
tromagnetic phenomena.

It should be pointed that, due to dual symmetry, the ratio between two dual charges can be arbitrarily chosen,
while the physical results will keep the same. So that we say, Equations (2.4) and (3.2) have the equivalent de-
scription efficacy; the only difference between them is that, the latter is understanding a charged particle as a
dyon of carrying two mutual dual charges, rather than pure electric charge. In other words, regardless of whether
an electron is a particle with unit negative charge —e, or a dyon with dualized charge g’ designated by the

transformation of
_,_(7(0)__ cos@ sind || —e B —cosfe 313)
7= 1= —sinf cosf || 0 | | sinfe 3.

as long as assuming all particles in the universe have the same ratio —tan@, the physical results would be un-
animous. In particularly, for two “electrons” with charge g, the “Coulomb” force between them should be

q 1 ¢’ 5 . 1 ¢’
=—"F—r=——(cos"O+sin" @ |)r=——r 3.14
s 4m r dn r ( ) 4§ (.14)
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just equal to that between two conventional electrons. This means, Maxwell’s theory itself does not be short of
symmetry, it can be dualized at any time. After all, we have no absolute reason to say, an electron only carries
an unit negative charge —e, it can actually be understood as a dyon of carrying dualized charge (—cos He,sinee) ,
just like in mechanics, a force F is always allowed to be equivalently decomposed into two components, i.e.
F=F +F,.
To examine the elements of 7™, we find

1 =FE+BB ¢ - (E+ B +b )

1t =5 _&xB+IE, T’*S:—E:(—(;xmié),(i-a)) (3.15)
¢ c

T44——1(E2—§2—I;2+Ez), T55=—W=—1(E2+Bz+b2+ez)
2 2

With this tensor in hand, it is straightforward to confirm that Equation (3.10) contains two conservation laws.

The first is a statement of momentum conservation

1(% = 5, =5
— ]xB+]ej+pE - S
FEEARE _g. 7 LS (3.16)
f 1= - ot
——j-e+pb
c
The second gives Poynting’s theorem of energy conservation
Fo=7 E+7ﬁ=—v§—z—;” (3.17)

V-(E+B)=
( + ) P o - [+1 0} (3.18)
- O|E-8,B| 7> %~ 3 .
Vx(E+3.B)- (F-5.5) § 0 -
c ot c
followed by a 4-force
. o(ExB
f:lfx§+ﬁE:V~T—lu
c c Ot; o (3.19)
= o = — 0(E-E+B-B
f'l)=]-E=—V-(cE><B)—5{ 5 J

In absence of dual charge, we get back Maxwell theory.

4. Conserved Quantity and Charge Quantization

A celebrated theorem due to Noether makes a general connection: every invariance (or symmetry) of variable
transformation would determine a conserved quantity [13]. What is the conserved quantity of dual transforma-
tion? It is the dual spin. So that, we focus our interest on the covariant electromagnetic action, and vary an action
with the general form
ol' = [oL'(4;,(0). 4, (0))dd’x = | {a—f'%Jra_—L'aA’"’" 96dtd’x
o4, 00 o4,, o0

= 2 G_L% 06dtd*x =0
ox" | 04, 00

d’x is the three-dimensional volume element. It requires

@.1)
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ox" | o4 o6 0 " -1 oll0

m,n m

ol ar 52,;:1%1»15@2 [F,,m,onq{O 1}{14”:}}:@;:0

0/c=(0, ><B—AxOB%)+c(0me—;108+>+C(OME—¢70ET)=0

4.2)
©® =16/c=(0, -e—A-08+)+c(0¢Tb—¢0hT)=0
9=(0,-E-4-0,)+(0,b-40,)=0
and hence, there be the following differential form
@zﬁﬁs-@—xzﬁﬁ(ga—szﬁﬁ-é:o (4.3)
dt ot ot ot ot ot

which provides a conserved quantity &, called the dual spin density for its arising from the symmetry of dual
rotation. We here emphasize, as a “fictitious” rotation, the dual transformation would not lead to any physical
effect, and thus determine a zero dual spin of photon, i.e. $=0. On the other hand, due to the introduction of
dual quantities increasing the freedom of electromagnetic motion, there needs to supply a new condition to re-

strict, this condition is nothing but the conversation form ®’ =0, just corresponding to 7 " =0 and Zﬁ =0.

To demonstrate charge quantization, we look upon an electrically charged particle with ¢ as a dyon of car-

rying
., = cosf sinf || ¢ cos Oq
7=Uq=| =| ; (4.4)
—sinf cosf || 0 sin Hog

here, a proportional relation of ¢ =—og’ (with an adjustable parameter ¢ ) is supposed. When the dyon moves
along the closed Landau orbit / in dualized magnetic fields (cos 0B, sin 603*5, its phase shift arising from
the potential A" should be

T gL ).ds = 4 &
A¢_h€ A thsl(VXA) ds, he 05 @ = [[, B'-ds (4.5)
- ! .

:hLC(COS2 9q(I)B +sin? QUZq?q)BT ) — (1’2’3,.“)’ s

d_);§ is the flow of B’ through any surface S, bounded by /. The dual covariance requires

r_ 0 67' ' _ 1 : : 2. ? _
SAp —%(h—CCDBJ(SG —%(—s1n29q<153 +5in200°¢'® )00 =0 (4.6)

Then, based on the independency of two fluxes ((I) PR ) , we deduce

2
oD,
(D—f = 5 = const. 4.7)
q q

Due to the adjustability of o, the constant is always allowed to be unit by redefining ¢, namely

D, =q+, D =q (4.8)

5
So that, putting the obtained into (4.5) gives the quantization relationship
qq' =nhe, n=1,23,-- 4.9)

This derivation implies, not have to get help from Dirac monopole, the dual covariance would naturally lead
to the charge quantization. In other words, the root of charge quantization is not at the existence of magnetic
monopole, but the dual symmetry of electromagnetic movement.
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5. Magnetic Monopole Does Not Exist

Right now, if suppose the dual object of electric charge were Dirac magnetic monopole (i.e. p! =p, ., jl=j.),

and the electromagnetic fields dual each other: E' =B, B' =—E, we can reedit Equation (3.2) in the form of

V-E=p+p,  VxE+ B __Futin
c ot c

V-B=p_ +p,., VXB—la—E:M 6.D
c Ot c

2 "

Vi +—==0, V-4 +12=0

T T

Pos S = (j—m,;m) are the corresponding bounded magnetic charge and current. In the case of no bounded,
these equations reduce to the Maxwell-Dirac form (i.e. Equation (1.1))

V-E=p, V><E+la_B:_1_m

c ot c (52)
V-B=p_, va_la_E:J_e

cot ¢

From which, we see that, the electric and magnetic quantities have been put in perfectly symmetrical position,
and at present, there would be three kinds of way to produce magnetic field: magnetic charge, moving electric
charge and changing electric field. So, the energy-momentum conservation for Maxwell-Dirac system needs to
be derived from Equation (5.2), namely

f:l(jexB—jm><E)+peE+me=V-T—Lza—S
c c” ot (53)
f~v:je‘E+jm-B=—V-S—aa—v:

Just as our expectation, the electromagnetic energy-momentum changes into the mechanical form, in turn, the
latter gets to balance by the former reducing. Ostensibly, it seems to imply, the law of energy-momentum conser-
vation is still working well, and Maxwell-Dirac theory has no question, at least in mathematical form, not con-
flict with the classical physics. However, this is not the case; the involvement of magnetic monopole will com-
pletely change the trend of whole theory.

To illustrate this point, we suppose the existence of magnetic monopole, and conceive an electromagnetic
system. As shown in Figure 3, the system is consisting of a permanent magnet and a magnetic circuit ( Pe=1J. = 0) ,

N Pole
X AaﬂB
g ill€ .
£ : 2
LIRIlEE
& g (g) = 3
/ Ab\B
S Pole

Figure 3. An electromagnetic system is supposed to be composed of magnetic current j_  flowing through the rotational
magnetostatic field B caused by a permanent magnet. Then analogy the usual Lorentz force, there should be a correspond-
ing formula for magnetic charge movement, that is a continuous magnetic force f, . The appearance of f, implies, the

electromagnetic energy-momentum seems to be able to transform unlimitedly into the mechanical form. This obviously vi-
olates the basic physical law.
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when there be a flux j flowing through the circuit, the rotational magnetostatic field B caused by the mag-
net will exert a stress on it, i.e. f, =—j, xE/c+ p,B . Then, by Equation (5.3) we can write the following
integral over the surface = that bounds V

I, 00 =[] (- L, o =g, -am L2 ] sov
myf'vdhmyum-B>dv=—@zs~dz—§ﬂw

For unbounded space(modeled as a spherical volume tending to infinity), no momentum and energy in or out
the closed boundary ¥, and the conservation equations become

5.4

det_P— [l sdv=p,-P,

mech

(5.5)
Epen = [W,dt = E, m wdV =E, - E,,
with the total magnetic force F, and power W, given by
F,=])|, pnBdV =p, V., B
IIl, ; 56

Wy =[], (- B)dV = j, V., B

V., denotes the volume of magnetic conductor ab . It is clear that, the increase of mechanical energy-mo-
mentum can always be compensated by the surrounding fields. The conclusion itself has no any question, how-
ever this is only an ostensible impression, when F_ and W, have the steady and finite values, the mechani-
cal momentum and energy of whole system will be inevitable to increase continuously, even tend to infinity

Pmech = FthA,OC —>®
E = Wmt|t—>ao —®

mech

5.7

These results tell us that, the conceived system could unlimitedly transform its electromagnetic momentum
and energy into the mechanical form, even like avalanche to an infinite negative value region(with imaginary
fields £ —iE, B — iB),namely

Z—HJ. lE><lB dV ~—-F_t |Hw—>—oo
(5.8)
. :EIIJV(iE-iE+iB-iB)dV ~ =W, —> -0

This is impossible by energy-momentum conservation. Therefore, as long as no physical experiment could
detect the above transform, the assumption of that the magnetic monopole exists in universe cannot be true.

Hereby, it can be concluded that, the notion of magnetic monopole is not compatible with the classical physi-
cal laws. In other words, the magnetic field is not suitable to be understood as the dual target of electric one,
since the magnetism is completely staying in an unequal position to electricity (see Table 1).

From the table we see that, any two supposed dual objects are actually antithetical each other, that is, if either
is true (false), the other must be false (true). This situation can be stated as two equivalent statements:

1) There are no physical objects dual each other in Dirac mode, or any Dirac typical dual object has no real-
ity (called no-reality theorem);

2) Any static vortex field is impossible to be an active one, or any field with source is impossible to possess
simultaneously a static vortex structure (called no-vortex theorem).

Their equivalence can be proved by showing that if either is false, so is the other. Specifically, if the former
were violated, namely magnetic monopole exist, magnetic field will become an active field. At the same time,
the rotational magnetostatic field caused by permanent magnet also exists, and thus violates the second state-
ment. In turn, the conclusion remains the same.
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The key point is that, due to possessing a vortex structure, magnetic field lines do not begin or end in any vo-
lume of space(reflected completely by V-B =0). Consequently, if allow the existence of Dirac typical dual
objects, one may use them to construct a kind of working system that will produce some unphysical results. For
example, whether magnetic monopole or rotational electrostatic field (induced by permanent electrics analogous
to permanent magnet) exists, there would be a type of perpetual mobile that can output power unlimitedly, this
obviously violates the law of energy conservation, as shown in Figure 4.

In short, Maxwell theory itself does not require or forbid magnetic monopole exists, as well as the impossibil-
ity of perpetual mobile of the first kind states that, magnetic monopole has no reality. Although magnetic mo-
nopole has no reality, it still does not negate the usefulness of duality as a tool for studying the electromagnetic
movement from a viewpoint of symmetry.

6. Conclusions

In conclusion, our acquisitions can be summed up as follows:

1) The developed 5-dimensional EFEs can provide us with a unified formalism; this formalism describing the
medium effect by independent polarized fields has led to some meaningful results, such as the propagation and
dispersion of light in matter;

% [
= =2
2 &
z +
Q )
2 S
7 e

(b)

Figure 4. The existence of magnetic monopole or permanent electrics (the electric analog of permanent magnet) implies the
feasibility of perpetual mobile of the first kind. Specifically, when moving through a rotational magnetostatic (a) (electros-
tatic (b)) field caused by permanent magnet (electrics), the magnetic (electric) charge system will work as a perpetual mobile
of outputting the power unlimitedly. This is impossible.

Table 1. Some electromagnetic objects and their statuses (¥ and x denote reality and no reality).

sy Blesisls Ghens Electric dipole Electric dipole Rotatiqnal
(placement of poles) (loop of current) electrostatic field

Status v N X x

Magnetim  Magneticcharge b OO (oo of curtont magnetosati field
Status x x N N

Electricity Electric atom Molecular electric current Permanent electrics Spin electric moment
Status N N x x

Magnetism Magnetic atom Molecular magnetic current Permanent magnet Spin magnetic moment
Status x x N N
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2) Due to possessing different natures, the electric and magnetic fields are not dual each other, whereas the
dual quantities must be independent mutually. Based on the decision, we have developed EFEs into a 2-com-
ponent dualized form. This form emphasizes that all the dualized equations should have the equivalent descrip-
tion efficacy to its originality. Especially, the dual spin of photon is essentially related to the electromagnetic
dual symmetry, which also can provide us with a natural explanation for charge quantization;

3) Magnetic monopole is impossible, since it allows the electromagnetic energy-momentum to be transformed
unlimitedly into the mechanical form. Crucially, the motivation of Dirac proposing magnetic monopole is to
symmetrise MEs, but here it is no longer an indispensable concept. Eventually, Maxwell theory can be symme-
trised at any time; it originally represents a particular form of 2-component dualized EFEs.
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