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ABSTRACT

We would introduce here a further intrinsic quantum property, pin, like a tiny string, borrowed from the Clifford algebra as
back word of spin, other than the intrinsic quantum property, spin, in quantum electrodynamics. In the Clifford algebra, it
would be found that spinors are essential in describing spin with the general nature of an intrinsic angular momentum and
pinors may be essential in describing pin with the general nature of an intrinsic linear momentum of subatomic particles.
The physical consequences of spin and pin in quantum electrodynamics may be obtained in the phenomenon of uniform
circular motion of a point object, as such, spin and pin, by acting at right angle to each other in any reference frame, being
quantized, would represent the observable quantum states such as subatomic particles. It would also be found that a spin is
associated together with an intrinsic magnetic moment, which is the permanent attribute to spin at antiparallel relation and
a pin may be associated together with an intrinsic electric moment, which is the permanent attribute to pin at antiparallel
relation in quantum electrodynamics and particle physics.

The presence of the four intrinsic properties spin, pin, magnetic moment and electric moment of subatomic particles in
quantum electrodynamics may thus open a new perspective of quantum mechanics and particle physics, which may support
to find out the isolated quantized electric monopoles, as well as, the isolated quantized magnetic monopoles as free positive
and negative electric and magnetic charges carried by specific particles.

Keywords: Clifford algebra, Quantum field theory, Quantum electrodynamics, Quantum mechanics, Properties of particles,
Induced magnetic field, Induced electric field, Stark effect, Zeeman effect, Stern-Gerlach experiment

1. INTRODUCTION

Introducing a further intrinsic quantum property, pin, borrowed from the Clifford algebra as back word of spin (Page 3, line
17 of Clifford Modulas, Atiyah, Bott& Shapiro, 1964), other than the intrinsic quantum property, spin, in quantum
electrodynamics [1]. In the Clifford algebra, it would be found that spinors or spin group (Sec. History of Spinors,
Wikipedia, 2024) and (Sec. Description of Theory of Spinors, Moshe Carmeli and Shimon Malin, 2000), are essential in
describing spin with the general nature of an intrinsic angular momentum and pinors or pin group (Pin group, Sec. Name of
Pin group, Wikipedia, 2024) and (The Pin Groups in Physics: C, P, and T ,Marcus Berg, C ecile DeWitt-Morette, Shangjr
Gwo and Eric Kramer, 2000), may be essential in describing pin with the general nature of an intrinsic linear momentum of
subatomic particles in Quantum Electrodynamics (QED). Thus, the pin and the spin may have some physical consequences
in QED [2-7].

The physical consequences of spin and pin may be obtained in the phenomenon of uniform circular motion of a rotating
point object about its axis of rotation. Now, if spin is considered as an intrinsic quantum property with the general nature of
an intrinsic angular momentum of a subatomic particle in QED, then pin, like a tiny string, would also be considered as a
further intrinsic quantum property with the general nature of an intrinsic linear momentum of that subatomic particle in
QED, where we may find that the spin along a specified axis of rotation to the plane of rotation and the pin about the same
specified axis of rotation on the plane of rotation would be perpendicular to each other. As such, spin and pin, by acting at
right angle to each other in any reference frame, being quantized, would represent the observable quantum states such as
subatomic particles in QED.
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We would also obtain in literature that electromagnetic fields carry linear momentum and angular momentum. As such,
photon, subatomic particles, composite particles and atomic nuclei as observable quantum states also carry linear
momentum and angular momentum in Quantum Field Theory (QFT). With regards to angular momentum, we would get the
spin angular momentum along a specified axis of rotation perpendicular to the plane of rotation associated together with an
Intrinsic Magnetic Moment (IMM), which is the permanent attribute to spin at antiparallel relation of an observable
quantum state of the field; analogously, with regards to linear momentum, we may find the pin linear momentum about the
same specified axis of rotation on the plane of rotation associated together with an Intrinsic Electric Moment (IEM), which
is the permanent attribute to pin at antiparallel relation of the same observable quantum state of the field.

We organize this paper as follows: Section 2 contains method and procedure as deduction the definite discrete values of pin
and spin of photon and electron in Quantum Electro Dynamics (QED); the relations between pin and associated electric
moment and spin and associated magnetic moment; the definitions of pin and spin ; the relation between intrinsic magnetic
moment and electric moment of photon and electron in QED; the units and definite discrete values of magnetic moment and
electric moment of subatomic particles; the representative observable quantum states with spin and pin; the steady state
solutions for an observable quantum state represented by spin and pin in the time dependent Schrédinger equation in
quantum statistical mechanics. Section 3 contains the discussions and results to prove the existence of pin together with
associated electric moment along with the existence of spin together with associated magnetic moment of subatomic
particles theoretically through the review and interpretation of some phenomena in Quantum Mechanics (QM) and particle
physics, and the four degree of freedom of an electron. Section 4 contains conclusion expecting the isolated quantized
electric and magnetic monopoles as free positive and negative charges carried by specific particles.

Signs and Symbols

We would use in this paper some special symbols as x to mean the moment, magnetic and electric, such that um and ue
would mean the magnetic and electric moments of an electron respectively, and s and p to mean spin and pin of subatomic

particles, such that, us and w, would mean the intrinsic magnetic moment related to spin and the intrinsic electric moment
related to pin of subatomic particles, other than the usual Signs and Symbols.

2. METHOD AND PROCEDURE

In QM and particle physics, we would find that photon and other subatomic particles follow almost the same formalism in
finding the definite discrete values of spin, pin, IMM and IEM.

2.1. Pin and spin of photon and electron in QED

According to QED, the photon moves at c, the speed of light in vacuum, where energy (E) and momentum (p) of a photon
depend only on its frequency (v) or inversely on its wavelength (1) (Sec. Relativistic energy and momentum in article
Photon, Wikipedia, 2024) such that

E=hwo=hv=hc/ A (2.1.1)
and p=rk=n2z/A)=h(v/c)=h/A (2.1.2)

where w=27v is the angular frequency,k=lk|=27z/4is the wave number and #=h/2zis reduced Planck constant
respectively [8].

Since p points in the direction of propagation of photon, then the magnitude of its momentum may be written as:

p= pl=ik (2.1.3)
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Now considering 7= p|, where pis the pin, like a minute string, a further intrinsic quantum property of photon in QM

with the general nature of an intrinsic linear momentum, wherefrom we may obtain the definite discrete value of pin of a
photon as:

| p|=1h (2.1.4)

We would obtain in particle physics that the definite discrete value of spin of a photon is |s|=17, so, we may get a relation
between spin and pin of a photon as:

IslH pl=1n (2.1.5)

Where 1 is the eigenvalues of spin and pin of a photon with 7 as their units, though they are different consequences with
different properties.

Therefore, the relation (2.1.5) may be written as the general expression as:
ISk pl (2.1.6)

Probably, in particle physics, all subatomic particles follow the analogous formalism as photon with their respective definite
discrete values of spin and pin, so that the definite discrete values of spin and pin are equivalent with the same eigenvalues
and units.

And if the definite discrete value of spin of an electron is |s| = 127 in particle physics, then with respect to relation between
the definite discrete values of spin and pin of an electron may be written as:

IsH pl=35h (2.1.7)

where % is the eigenvalues of spin and pin of an electron with 7 as their units, though they are different consequences with

different properties.
2.2. Representative observable quantum states with spin and pin

In the phenomenon of uniform circular motion of a rotating point object about its axis of rotation, if spin is considered as an
intrinsic quantum property of subatomic particles in quantum electrodynamics, then pin would also be considered as a
further intrinsic quantum property of subatomic particles in quantum electrodynamics, as such, we would find that the spin
along a specified axis of rotation to the plane of rotation and the pin about the same specified axis of rotation on the plane of
rotation would be perpendicular to each other.

Now, considering the fact that any observable quantum state in any phase-space at an instant of time would be represented
by its own two intrinsic properties, viz., only one of the spin observables (sy, Sy, S;) in the Cartesian coordinates having a
definite discrete value along a specified axis of rotation to the plane of rotation and only one of the pin observables (py, py,
pz) in the Cartesian coordinates having a definite discrete value about the same axis of rotation on the plane of rotation. As
such, these two intrinsic quantum properties, spin and pin, by acting at right angle to each other with respect to a specified
axis, being quantized, would exhibit an observable quantum state in any phase-space at an instant of time in any reference
frame.

The wave number k in the relation may be written as:

k| = 27/ = (2/d) (2.2.2)

where A/z = d,d is the diameter of the helical motion of photon (Confirmation of Helical Travel of Light through
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Microwave Waveguide Analyse, R. A. Ashworth, 1998), which may be signified that the pin is about the specified axis of
rotation on the rotational plane. If it would be considered that spin s of an observable state is along the z-axis perpendicular
to the x—y plane in the upward or downward direction in the Cartesian coordinates, then pin o would be expected about
the z -axis on the x—y plane in the Counter Clock Wise (CCW) or Clock Wise (CW) direction in the Cartesian coordinates

[9].
2.3. The definitions of pin and spin

The pin may be defined as the intrinsic quantum property of an observable quantum state in any phase space at an instant of
time with the general nature of an intrinsic linear momentum about a specified axis of rotation on the plane of rotation in the
counter clockwise or clockwise direction. Whereas, the spin may be defined as the intrinsic quantum property of an
observable quantum state in any phase space at an instant of time with the general nature of an intrinsic angular momentum
along a specified axis of rotation to the plane of rotation in the upward or downward direction.

Thus, a pin is such a characteristic intrinsic property of an observable quantum state, which is about a specified axis of
rotation on the plane of rotation in any phase-space at an instant of time, whereas a spin is such a characteristic intrinsic
property of an observable quantum state, which is along the same specified axis of rotation in any phase-space at that instant
of time, such that, spin and pin of an observable quantum state would remain perpendicular to each other in phase-space at
an instant of time in any reference frame.

2.4. Quantum statistical mechanics

Introducing probability amplitudes in the spirit of quantum mechanics as:
w(X,y,2,8,pit,) =u(x,y,z,s, p) =u(q,s, p) (2.4.1)

For specifying the states of system in the x,y,z, planguage at any selected timet,. These amplitudes would be functions of
the continuous variables of position x,y,zand of two eigenvalues of spin s=z+aand two eigenvalues of pin p ==b, which
may be possible [10]. For the actual probability of finding observable quantum states in a specified range dxdydz with
specified eigenvalues of s and o we may obtain as:

W(x,Y,2,s,p)d,d,d, =u*(q,s, p)u(q,s, p)d,d d, (2.4.2)

x-yUz

We would find the definite discrete values of spin and pin of an electron as observable quantum state in relation as:
Isl=lol= Y57

where % is the eigenvalues of spin and pin of an electron with # as their units, though they are different consequences with

different properties? We may also find that the spin and pin of subatomic particles as observable quantum states are vector
quantities, so they must have their respective directions other than their definite discrete values. Regarding spin, there are
two possible directions, viz. the upward and downward directions and regarding pin, there are again two directions, viz. the
Counter Clockwise(CCW) or right handed and clock wise or left handed directions.

Therefore, conveniently making choice of the spin eigenvalues as s = + a having up and down directions and the pin
eigenvalues as p = b with CCW and CW directions of subatomic particles as observable quantum state with the same units
7 in respect to a specified axis in phase-space at an instant of time in any reference frame, where a and b be any numbers
fractional or integral, we may obtain the steady state solutions for an observable quantum state represented by spin and pin
in the time dependent Schrodinger’s equation as the four times steady state solutions in the time dependent Schrodinger’s
equations for the four observable quantum states.



Nath P.K. et al. Archives of Physics Research, 2024, 16 (2):1-14

And for the total probability of finding the observable quantum states somewhere and with one or other of two possible
values of spin and two possible values of pin, the summation would be obtained as:

+a  +b

> > fffu(a,s, p)u(a,s, p)d,d,d, =1 (2.4.3)

-a -b

Now for the consideration of the statistical mechanics, the most important consequence of the existence of the spin and the
pin of observable quantum states is that there would be four times as many solutions of Schrdédinger’s equation for an
observable quantum state with these properties as for a simple observable quantum state without these.

Therefore, we may obtain four steady state solutions for an observable state with s=+a and p=zbin the forms, taking
h/2z=nh,as:

(X, Y, 2,48, +0;t) =u,(x, Y, 2, +a, +b) exp[—(i / W)EL] (2.4.4i)
W, (%, Y, 2, +8,-b;t) = U, (X, , 2, +2,~b)exp[~(i / FE t] (2.4.4ii)
W, (X,Y,2,-8,-bit) =Uy(x,Y,2,~a,~b)exp[—(i / M)E {] (2.4.4iii)
W, (X, Y,Z,—a, +b;t) =u, (X, y,z,—a, +b)exp[(i / K)E,t] (2.4.4iv)

where E,E,,E,,E,be the same energy E of the observable quantum state, and indeed in most cases we may even expect
u,,u,,u,,u, to have the same dependence on the coordinates x,y,zand on the energy E to be equal since the interaction of

intrinsic magnetic moment and intrinsic electric moment of the observable quantum state with the surrounding
electromagnetic field will either be absent, negligible or at least on the average independent of s and p .

Since only one of the spin observables, let s, , with a definite discrete value together with only one of the pin observables, let
p,, with a definite discrete value, acting at right angle to each other, being quantized, would exhibit an observable quantum

state in phase-space with reference to a specified axis, we would find the steady state solutions of the time dependent
Schrodinger’s equation of an observable quantum state as four times steady state solutions in the time dependent
Schrodinger’s equations for the four observable quantum states.

Thus, we would find just four distinguishable observable quantum states in the time dependent Schrodinger’s equations
represented by two spins having up and down directions and two pins having CCW and CW directions with the same units
as # in respect to a specified axis in phase-space at an instant of time in any reference frame.

2.5. The relation between pin and associated intrinsic electric moment of an electron

We may get a relation between the electric moment of an electron and the linear momentum by considering the classical
motion of an electron moving in a closed loop under the influence of a central field as per Ampere’s model.

Therefore, the electric moment of the small current loop may be written as:
pe=iD (2.5.1)

where D is a vector parallel to the plane of the loop and equal to the average r from the centre of the loop, i is the current
and pe is the electric moment of electron respectively. The positive direction of D is such that the current circulates through
the loop in an anticlockwise direction when looking along the area A .
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If we consider g is the charge and T is the time period, the

i=q/T=elT
ie., i=e/T (2.5.2)
where e is the unit electric charge.

An element of radial distance may be obtained as dr , and the magnitude of the distance vector D of the closed current loop
is then
T/2

dr = [ (dr/dt)adt (2.5.3)

0

D=

ot—y =

where the integration is taken over oto T/2
The linear momentum p may be written as:
p =m(dr/dt)
ie. dr/dt=p/m (2.5.4)

therefore, the relation (2.5.3) becomes as:

T/2

D:j(p/m).dt: pT /2m
0

ie., D=pT/2m (2.5.5)
Now comparing the relations (2.5.1), (2.5.2) and (2.5.5), the electric moment of an electron may be obtained as:
Me = —(e/2m¢) p (2.5.6)

where m, is the mass and . is the electric moment of an electron respectively and p is the general linear momentum, and
the minus sign of the relation arises due to negative charge of an electron.

Analogously, we may obtain the relation between the magnetic moment of an electron and the angular momentum as:
Ly =—(e/2m,)L (2.5.7)
where me is the mass and 4, is the magnetic moment of an electron respectively, and L is the general angular momentum.

As the spin is an intrinsic quantum property of subatomic particles with the general nature of an intrinsic angular
momentum and pin is supposed to be the intrinsic quantum property of subatomic particles with the general nature of an
intrinsic linear momentum, therefore, replacing the general angular momentum L by the spin s or spin angular momentum
and the general linear momentum p by the pin p or pin linear momentum, consequently, replacing the magnetic moment of
an electron g, by the spin related IMM 4 and the electric moment of an electron 4 by the pin related IEM p, of an

electron, the relations (2.5.6) and (2.5.7) may be written as:

u, =—(e/2m)s (2.5.8)
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and u,=—/2m)p (2.5.9)
where (e/2m,) in both the relations is a common constant.

Thus, the relation (2.5.8) is the relation between spin and associated IMM of an electron, where IMM is antiparallel to spin
and the relation (2.5.9) is the relation between pin and associated IEM of an electron, where IEM is antiparallel to pin.

2.6. The intrinsic magnetic and electric moments of a photon

Electromagnetic (EM) energy is radiant energy that travels as EM waves in the free space at the speed of light ¢ . EM energy
consists of changing magnetic and electric fields caused by their energies. In the EM waves the carriers containing radiation
particles, photons, can travel at the speed of light [11, 12].

A dipole moment is an infinitesimal distance of action of two opposite charges. If we would consider that there exist no real
or virtual positive and negative charges in free space or within a photon, then we may find that there would not be any
electric dipole moment or magnetic dipole moment in EM wave other than there may possibly exist the electric monopole
moment or simply the electric moment which produces electric field E and there may possibly exist the magnetic monopole
moment or simply the magnetic moment which produces magnetic field B.

A changing magnetic field can cause a changing electric field, which can cause a changing magnetic field, and so on, and
together these fields oscillating at perpendicular to each other create transverse EM waves in any reference frame. Thus,
electromagnetic waves bring energy into a system by virtue of their electric and magnetic fields.

Therefore, a photon consists of a magnetic moment together with a spin and an electric moment together with a pin, which
may be considered as the intrinsic properties of a photon. As EM waves or photons carry energy as well as angular and
linear momentums, so we may find that an Intrinsic Magnetic Moment(IMM) ., of a photon is associated together with an

intrinsic angular momentum, spin s ; and an Intrinsic Electric Moment (IEM) ., of a photon may be associated together
with an intrinsic linear momentum, pin p.

As such, the magnitude of magnetic potential energy u, relating to magnetic field B and IMM 4, of a photon may be written
as

ug = ,Bcosd (2.6.1)
and the magnitude of electric potential energy u. relating to electric field E and IEM ., of a photon may be written as:

Ug = u,Ecosd (2.6.2)
We have an expression from Maxwell equations in vacuum in classical electrodynamics as:

E=B/ (&) =cB (2.6.3)
where ¢, is the permittivity and 4, is the permeability of vacuum respectively, and ¢ is the speed of light in vacuum.
Now considering ¢, = 4, =c=1in natural units, the relation (2.6.3) may be written as:

E=B (2.6.4)

ie., E/B=1 (2.6.5)
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therefore, the magnitudes of magnetic potential energy u, and electric potential energy u. become as:

uB=u,E
i.e., ulp,=E/B=1
ie., o 1=, | (2.6.6)

which would mean that the definite discrete values of IMM and IEM of a photon are equivalent with the same eigenvalues
and units, though they are different consequences with different properties.

2.7. The discrete values and units of magnetic and electric moments of electron and photon
We would further write here the relations in (2.5.8) and (2.5.9) as:
H,=—(e/2m,)s
and u,=—/2m)p
such that above two relations may be written as:
u, =—(enl/2m)s/n (2.7.1)

and u,=—(nl2m)pln (2.7.2)

where (en/2m,) is a common constant in both the relations, which may be reasonably named as the Bohr constant ,, and

safely used in both the relations as the units of IMM and IEM analogous to the reduced Plank constant # be safely used as
the units of spin and pin of subatomic particles in QM and particle physics.

Therefore, considering the relation with respect to electron (2.1.7) as|s|= p|= %h , the definite discrete values of IMM and

IMM of electron may be obtained as:

==Y uy (2.7.3)

and #, ==Y 1t (2.7.4)
so the relation between the IMM and IEM of an electron may be written as:

o = 1, = Y5 1t (2.7.5)
where % is the eigenvalues of the IMM and IEM of an electron with 4, , the Bohr constant, as their units, though they are

different consequences with different properties.

And if the definite discrete value of IMM of a photon be |z |=14, in particle physics, then the relation (2.6.6) between the
definite discrete values of IMM and IEM of a photon may be written as:

| s 15 22, 1= 1 (2.7.6)
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where 1 is the eigenvalues of IMM and IEM of a photon with 4, , the Bohr constant, as their units, though they are different
consequences with different properties.

Quantum mechanics teaches us that the spin angular momentum inherent to subatomic particles does not correspond to any
macroscopic notion of spinning in Quantum Mechanics (QM) (Article: Quantum Particles Aren’t Spinning. So where does
their spin come from? Adam Becker, 2011), therefore, if spin of subatomic particles does not correspond to spinning of any
macroscopic notion of spinning in QM, then there would not be possible to generate any magnetic moment of an electron
other than to consider the magnetic moment of an electron as an intrinsic property like spin of an electron such that an
Intrinsic Magnetic Moment (IMM) is associated together with the spin [13].

Analogously, as a spin and a pin with reference to a specified axis acting at right angle to each other, being quantized,
would represent an observable quantum state at an instant of time in any reference frame, then the pin linear momentum
inherent to subatomic particles would not correspond to any macroscopic notion of displacement or translation in QM, then
there would not be possible to generate any electric moment of an electron other than to consider the electric moment of an
electron as an intrinsic property like pin of an electron such that an Intrinsic Electric Moment (IEM) is associated together
with the pin.

The same formalism as electron would also be applicable for all the fermions in quantum mechanics and particle physics.

Since the spin as an intrinsic quantum property of observable quantum states of the field along a specified axis of rotation to
the plane of rotation is associated together with an IMM as permanent attribute to spin at antiparallel relation and the pin as
a further intrinsic quantum property of observable quantum states of the field about the same specified axis of rotation on
the plane of rotation supposed to be associated together with an IEM as permanent attribute to pin at antiparallel relation,
therefore, only one of the spin associated IMM observables and only one of the pin associated IMM observables with
respect to a specified axis, by acting at right angle to each other in any phase-space, being quantized, would exhibit an
observable quantum state at an instant of time in any reference frame, like the magnetic field and electric field, by acting at
right angle to each other in any reference frame, being quantized, would exhibit the electromagnetic wave or photon.

Thus, an electron as an observable quantum state contains the four intrinsic quantum properties of its own — spin, pin,
magnetic moment and electric moment other than its mass and momentum like other subatomic particles.

3. RESULTS AND DISCUSSION

The discussions and results of this paper would rely upon the theoretical proof of the existence of pin together with an
associated IEM along with the existence of spin together with an associated IMM through the review and interpretation of
some phenomena in quantum mechanics and particle physics.

3.1. Subatomic particles as distinguishable observable quantum states

We have stated in this paper that we would find just four distinguishable observable quantum states in the time dependent
Schrodinger’s equations represented by two spins having up and down directions and two pins having CCW and CW
directions with the same units h in respect to a specified axis in phase-space at an instant of time in any reference frame. As
such, we would find just the four distinguishable subatomic particles in each generation of leptons, baryons and mesons
represented by spin and pin. We would present here the first generation of subatomic particles of leptons, baryons and
mesons as:

e Electrons, first generation of leptons have the four distinguishable particles as e, €*, ve, e,
e Nucleons, first generation of baryons have the four distinguishable particles as p, p, n, 7, and
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e Pions, first generation of mesons have the four distinguishable particles as n*, 7, 7° #°.

Extending our findings to other generations of leptons, baryons and mesons, we would find the same four
distinguishable particles in each generation, where neither the spin nor the pin alone could signify the four
distinguishable subatomic particles in each generation of leptons, baryons and mesons in particle physics.

Thus, the existence of pin along with the existence of spin is proved in particles physics.
3.2. The mechanism of induced electric and magnetic fields

We may remember that spin and pin of an observable quantum state are remained at perpendicular to each other in any
reference frame, as such, the spin associated IMM and the pin associated IEM are also remained at perpendicular to each
other in any reference frame.

We may remember that spin and pin of an observable quantum state are remained at perpendicular to each other in any
reference frame, as such, the spin associated IMM and the pin associated IEM are also remained at perpendicular to each
other in any reference frame.

Therefore, due to the fact that the IMM and IEM are being remained at perpendicular to each other in any reference frame,
we may find that whenever the IMMs of electrons in any medium are aligned in parallel or antiparallel by the influential
magnetic fields with respect to time, then the arbitrary IEMs of electrons in the medium would be aligned accordingly at
perpendicular to the influential magnetic field resulting to the Induced Electric Fields (i.e., emf). And whenever the IEMs of
electrons in any medium are aligned in parallel or antiparallel by the flow of steady electric current with respect to time,
then the arbitrary IMMs of electrons in the medium would be aligned accordingly at perpendicular to the influential steady
electric current resulting to the induced magnetic fields [14—23].

As IMM and IEM of electrons are remained at perpendicular to each other in any reference frame, then the mechanisms of
the induced magnetic and electric fields are realized.

Maxwell’s equations in classical electrodynamics in magnetic and electric fields indicate that the change of B-field with
time would be the induced electric field (Faraday’s law of induction) and the change of E-field with time would be the
induced magnetic field (Ampere’s circuital law) respectively.

Thus, as pin is associated together with electric moment and spin is associated together with magnetic moment of an
electron, therefore, the existence of pin together with electric moment along with the existence of spin together with
magnetic moment of an electron has been proved [24-26].

3.3. Atoms in magnetic and electric fields

Since, any observable quantum state in any phase-space at an instant of time in any reference frame would be represented
by its own two intrinsic properties, viz., only one of the spin observables, let s;, along a specified axis of rotation to the
plane of rotation together with an associated antiparallel related Intrinsic Magnetic Moment (IMM) and only one of the pin
observables, let p,, about the same axis of rotation on the plane of rotation together with an associated antiparallel related
Intrinsic Electric Moment (IEM). As such, these two intrinsic quantum properties spin and pin, by acting at right angle to
each other with respect to a specified axis, being quantized, would exhibit an observable quantum state in any phase-space
at an instant of time in any reference frame, we may then find that an electron as an observable quantum state contains four
intrinsic quantum properties of its own — spin, pin, magnetic moment and electric moment other than its mass and
momentum.

We would also be considered here that all electrons are identical in all their properties. It may be obvious that pin or
intrinsic linear momentum of an electron is related to linear motion, therefore, pin would not be activated in electric field
other than its associated intrinsic electric moment. As such, the orientation, flipping or swapping of the electric moments of
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electrons in electric field in any phenomenon would signify the orientation, flipping or swapping of pin of electrons.
Analogously, it may also be obvious that spin or intrinsic angular momentum of an electron is related to angular motion,
therefore, spin would not be activated in magnetic field other than its associated intrinsic magnetic moment. As such, the
orientation, flipping or swapping of the magnetic moments of electrons in magnetic field in any phenomenon would also
signify the orientation, flipping or swapping of spin of electrons.

3.3.1. The splitting of spectral lines in the static homogeneous electric and magnetic fields

We would have in literature the Stark Effect, a phenomenon in which spectral lines splitting occur in the presence of a
homogeneous external strong electric field due to the interaction of electric field with the electric moment of outmost
electron(s) of the atoms; analogously, the Zeeman Effect, a phenomenon in which spectral lines splitting occur in the
presence of a homogeneous external strong magnetic field due to the interaction of magnetic field with the magnetic
moment of outmost electron(s) of the atoms [27-32].

Thus, as pin is associated together with electric moment and spin is associated together with magnetic moment of an
electron, therefore, the existence of pin together with electric moment along with the existence of spin together with
magnetic moment of an electron has been proved.

2.3.2. The splitting of a beam of atoms through the inhomogeneous electric and magnetic fields

We would have a phenomenon in which one polarized beam of atoms having single outermost electron splits into two
beams through the external static inhomogeneous electric field due to the interaction of electric field with the electric
moment of single outermost electron of the atoms analogous to the Stern-Gerlach Experiment (SGE), a phenomenon in
which one polarized beam of atoms having single outermost electron of atoms splits into two beams through the external
static inhomogeneous magnetic field due to the interaction of magnetic field with the magnetic moment of single outermost
electron of the atoms [33-40].

Thus, as pin is associated together with an electric moment and spin is associated together with a magnetic moment of an
electron, therefore, the existence of pin together with electric moment along with the existence of spin together with
magnetic moment of an electron has been proved [41-43].

3.3.3 Sequential experiment consecutively in the inhomogeneous magnetic and electric fields

We may obtain an evidence of the presence of magnetic moment and spin and electric moment and pin of electron of atoms,
if it would be possible to perform the sequential experiment consecutively in a static external inhomogeneous magnetic field
and in a static external inhomogeneous electric field, where we may find that one polarized beam of atoms having single
outermost electron of atoms would split into two beams at equal proportion with respect to a specified axis by sending
through a static external inhomogeneous magnetic field, consequently, we may find that when one of the two spitted beams
in magnetic field would again split into two beams at equal proportion with respect to the same specified axis by sending
through a static external inhomogeneous electric field.

Thus, the result of the performance of the sequential experiment may be the strong evidence to prove that an electron as an
observable quantum state contains the four intrinsic quantum properties of its own — spin, pin, magnetic moment and
electric moment other than its mass and momentum, as well as, it would support the same for all the subatomic particles.

3.3.4. The degree of freedom of an electron in quantum mechanics

Spin was discovered in the Stern-Gerlach Experiment (SGE) with a polarized beam of atoms through a static
inhomogeneous magnetic field as interpreted that the two states quantum degree of freedom associated with a magnetic
moment suggesting that the magnetic moment had only two observable orientations. But Wolfgang Pauli came up with a
matrix representation of spin, which had been taken the two orientation quantum degrees of freedom of spin instead of two
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magnetic moment orientations of an electron; probably, due to the fact that a magnetic moment is associated together with a
spin at antiparallel along the same specified axis as spin. So, the two observable orientations or flippings of the magnetic
moments would be signified as the two observable orientations or flippings of the spin in the SGE. Thus spin of an electron
with two spin states having up and down directions would be taken into consideration as quantum degree of freedom of an
electron in QM and particle physics.

Analogously, the two observable orientations or flippings of the electric moment may be signified as the two observable
orientations or flippings of the pin in the experiment with a polarized beam of atoms spitted into two equal proportion
beams through the static inhomogeneous electric field. Thus, as per norms, pin of an electron with two pin states having
CCW and CW directions may be taken into consideration as quantum degree of freedom of an electron in QM and particle
physics.

However, we may obtain the four quantum degree of freedom of an electron in QM and particle physics by considering the
two states quantum degree of freedom of spin and the two states quantum degree of freedom of pin, which may be changed
by swapping or flipping. Thus, we would somehow obtain the four quantum degree of freedom of an electron in QM and
particle physics.

This approach may be applicable to all the other fermions in QM and particle physics.

1. CONCLUSION

The introduction of pin other than spin in quantum electrodynamics and the existence of pin together with an intrinsic
electric moment along with the existence of spin together with an intrinsic magnetic moment through the review and
interpretation of some phenomena in quantum mechanics and particle physics would infer the presence of the four intrinsic
properties, viz., spin, pin, magnetic moment and electric moment, of subatomic particles in quantum electrodynamics,
which may open a new perspective of quantum mechanics and particle physics and support to find out the isolated quantized
electric monopoles as free positive and negative electric charges carried by specific particles, as well as, the isolated
quantized magnetic monopoles as free positive and negative magnetic charges carried by specific particles, which remains
unsolved so long in spite of all efforts since the introduction of the idea of the existence of magnetic monopoles by Paul
Dirac in1931.
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