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Abstract

This paper explores if the electron’s electrostatic charge ge has unknowingly been used as a proxy for
the electron’s magnetic moment pe. Because both the electrostatic charge and the magnetic moment
are intrinsic properties of the electron, the ratio between the two is also an intrinsic and constant
property. The two properties are different, but if we know the value of one, we know the value of the
other because of their fixed ratio. Because the ratio of ge/pie is constant, we can always express the
traditional magnetic and electromagnetic equations in terms of qe, as is currently done, or in terms of
pe. The existing magnetic and electromagnetic equations remain mathematically correct if we
substitute pe for qe because of the fixed relationship between the two constants. The electron also has
an electrostatic force field E that is caused by the electrostatic charge qe, and a magnetic force field B
that is said to also be caused by the electrostatic charge qe. Logically, however, one would think that
the electrostatic force field E would be caused by the electrostatic charge qe, and the magnetic force
field B would be caused by the magnetic moment pe. This paper considers that the magnetic force
field B is in fact caused by the magnetic moment e, and not the electrostatic charge qe. It is proposed
that ge has unknowingly been used as a proxy for pe in earlier mathematics.
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1. Introduction

This paper explores if the electron’s electrostatic charge (qe) has unknowingly been used as a
proxy for the electron’s magnetic moment (pe).

Because both the electrostatic charge and the magnetic moment are intrinsic properties of the
electron, the ratio between the two is also an intrinsic and constant property [1]. The two properties
are different, but if we know the value of one, we know the value of the other because of their fixed
ratio.

Because the ratio of qe/ple is constant, we can always express the traditional magnetic and
electromagnetic equations in terms of qe (as is currently done) or in terms of pie. The existing magnetic
and electromagnetic equations remain mathematically correct if we substitute p. for qe because of the
fixed relationship between the two constants.

2. Electrons

Electrons have intrinsic properties of electrostatic charge q., magnetic moment p and mass (me).
These intrinsic properties have the following constant values (National Institute of Standards and
Technology) [2]:

Electrostatic charge qc = -1.602,176,634 x 10" Units: C 1)

Magnetic moment pe = -9.284,764,692 x 102* Units: Nm/T 2)
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Mass me = 9.109,383,714 x 10* Units: kg (3)

Because the intrinsic values of electrostatic charge and magnetic moment are constant, there is a
fixed ratio of qe/ue, where,

ge/pe= -1.602,176,634 x 101°/-9.284,764,692 x 10

qe/pe=  17,255.974,569 Units: (Cs/m2C) = s/m? 4
The reciprocal of Equation 4 is,
te/qe=  0.000,057,950,943 Units: (m2C/sC) = m?/s ®)
From Equation 4 we find that q. equals,
ge = ne(17,255.974,569) Units: (m?C/s)(s/m?) = C (6)

The two properties qe and pe are different, but if we know the value of one, we know the value
of the other because of their fixed ratio. Therefore, the electrostatic charge qe can be a proxy for the
magnetic moment pe. This paper considers that qe has been used unknowingly as a proxy for the
cause of magnetism, and that the magnetic moment, instead, is the source of the magnetic field
around electrical conductors.

3. Electrical Current

Let’s refer to electrical current as electron current for the remainder of this paper. Electron current
is the physical flow of electrons through a conductor. Electron current (I) is equal to,

I= Q/t= niqge C(e/s) Units: C/s @)

where Q is electrostatic charge in units of Coulombs, t is time and Q/t is the electrostatic charge
flowing through the conductor per second. On the right side of Equation 7, n¢is the number of
electrons flowing through the conductor per second, and qe is the electrostatic charge of a single
electron.

4. Magnetic Field Surrounding an Electrical Conductor

The existence of circular magnetic fields surrounding electrical conductors was discovered by
Hans Christian Oersted in 1820 [3,4]. According to Ampere’s Law, the magnetic flux density (B)
around an electrical conductor is equal to [1,5],

B = pol2nR Units:  kg/sC T ®)

o = 4nx107 Units: kgm/C? =Tm/A 9)

where o is the permeability of free space, I is the electron current, and R is the radial distance from
the electrical conductor.

The term 2R is the length a circular Amperian loop around a conductor, and may be denoted
Lc. Dividing both sides of Equation 8 by circular length 2nR we have,

Lc = 2nR Units: m (10)
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BLc = pol = Wolenc Units: kgm/sC=Tm (11)

The term Lenc is often used to underscore that only the electron current inside of the Amperian
loop is considered in Ampere’s Law.

5. Relationship Between the Magnetic Moment pi. and Magnetic Flux Density B

Let’s revisit Equation 7. The electron current for a single electron (ic) is equal to,
ie = nige Units: C/s (12)

where ni1 denotes a single electron flowing through the conductor per second. Let’s now revisit
Equation 8 for the magnetic flux density B surrounding an electrical conductor. The magnetic flux
density attributable to the single electron (b) is then equal to,

b= poie/2nR Units: T (13)

b= Hon1qe/2mR Units: T (14)

Let’s now express Equation 14 in terms of the magnetic moment p. Substitute Equation 6 into
Equation 14 we have,

b= ponipe(17,255.974,569)/27R Units: T (15)
Multiplying both sides by 2nR we have,

b2nR= pontpe(17,255.974,569) Units: Tm (162)

And replacing 2nR with Lc we have,
bLc = nipope(17,255.974,569) Units: Tm (16b)

To solve for the total magnetic field B around the electrical conductor, let's now replace our
single electron ni1 by term n: for the total number of free electrons making up the electron current:

BLc = nfpopte(17,255.974,569) Units: kgm/sC=Tm  (17)

An imbalance of static electric charge from one location to another in a conductor can cause a
“rebalancing” electron current (nd), even when the wire has a disconnected end preventing the
conduction of electron current nr. The rebalancing electron current na is known as displacement current,
a term coined by James Clerk Maxwell [1]. Considering displacement current ns, Equation 17 then
becomes,

BLc = (nf + na)pope(17,255.974,569)  Units: kgm/sC=Tm  (18)

Let’s now consider a non-circular Amperian loop. We solve for a non-circular closed Amperian

loop with integration and the dot product of vectors B and df, where,

¢B o dL = (N + na)ptopte(17,255.974,569) Units:  kgm/sC=Tm (19)
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Equation 19 is the proposed Ampere-Maxwell-Mendler circuit Law, where the magnetic flux
around an electrical conductor is solved for in terms of the magnetic moment of the electrons
contributing to the electron current.

The magnetic flux density around an electrical conductor is solved for by multiplying the scalar
value of the number of free electrons making up the electrical current (ns + na)/n1 by the magnetic flux
density b of an individual electron, where,

B = b(n¢ + nd)/m Units: T (20)

6. Free Electron Alignment

Let's consider first a copper electrical conductor. Copper atoms have an equal number of
electrons and protons, leaving the copper atoms with a net static electric charge of zero. The protons
are secured in place in the atom’s nucleus, and not free to leave the copper atom. By contrast, one of
the outer valance electrons is free to leave the atom, provided that a second electron is added to the
atom to take its place. This free motion of the outer electrons enables the flow of electron current
through copper wire. So long as the departing electron is replaced by an arriving electron, the static
electric charge of the copper remains equal to zero. The electrons are said to be in “free space” when
they are in motion between copper atoms.

According to Equation 20, the magnetic flux density B around an electrical conductor is due to
the sum of the magnetic moments b of the individual electrons making up the electron current. The
derivation of Equation 20 implies that the magnetic moments of the free electrons making up the
electron current are aligned, and thereby provide an additive net magnetic force field. Alignment is
assumed to occur only in the special case when the electrons are between (copper) atoms and in “free
space”. Electrons are currently known to align in free space in certain situations. Of note, the
emerging field of spintronics considers generation of spin-polarized electrons [6]. Alignment of the
magnetic moments of the electrons in free space within electrical conductors is the subject of further
research.

7. Stationary Force Fields

The electrostatic and magnetic force fields have directionality, but not intrinsic motion. For
example, a magnet placed far away from other objects has a stationary magnetic force field. The force
field has directionality without physical motion. The electrostatic charge qe produces a static force
field having radial flux. The magnetic moment p produces a static force field having rotational flux
(as first observed by Oersted). The force fields are stationary in their static ground state, while at the
same time having directional orientation.

8. Gauss’s Law of Radiating Flux

Gauss’s Law relates to radiating flux. Gauss’s Law states that the net flux radiating through a
closed surface surrounding a source charge is proportional in magnitude to the radial flux from the
source charge.

Gauss’s Law for electrostatic and magnetic charges are as follows [1,5,7,8]:

QF-enc = gﬁﬁ(E e fia)dA = Qenc/eo Gauss’s Law of Static Electricity ~ (21)
Units: kgm?¥s?2C = Nm?/C

PBenc = #(ﬁ e ia)dA = 0 Gauss’ Law of Magnetism (22)
Units: kg m?/sC =Tm?

Equations 21 and 22 solve for the net flux radiating through a closed surface. Terms ¢e-enc and ¢s-
enc provide the total radiating flux normal to a closed surface surrounding a source charge.
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In the case of electrostatics, Gauss’'s Law states that the net flux radiating through a closed
surface surrounding a source charge is equal in magnitude to the source charge (Qenc) divided by the
permittivity of free space (e0). The source charge for a single electron is denoted ge, and for multiple
charges Q.

Let’s now consider Equation 22. Magnetic field lines form closed loops. Accordingly, the
magnetic flux leaving a closed surface is equal to the magnetic flux entering the closed surface,
resulting in a net radial flux equal to zero.

9. Mendler’s Law of Rotational Flux

Mendler’s Law relates to rotational flux, and is being first proposed in this paper. Gauss’s Law
relates to radiating flux through a closed surface, and Mendler’s Law relates to the rotational moment
force or torque on the closed surface.

Mendler’s Law states that the net moment force of flux on a closed surface surrounding a source
charge is proportional in magnitude to the rotational moment force of the source charge. Mendler’s
Law for electrostatic and magnetic charges are as follows:

QEenc = @(E X R)dA = 0 Mendler’s Law of Static Electricity (23)
Units: kgm?/s2C = Nm?¥C
Pbenc = gﬁﬁ(g X R)dA = UeHo Mendler’ Law of Magnetism (24)

Single electron equation

Units: kg m3/sC =Tm?

Term @b-enc of Equation 24 provides the net magnetic moment force or torque acting on a closed
surface surrounding an electron. Magnetic moment pi is considered the source charge for magnetism.
Term @e-nc from Equation 23 has a value of zero because the electrostatic force acts only in the radial
direction, and does not have a rotationally acting component.

In Table 1 the Maxwell Equations are extended to include Mendler’s Law of rotational force
fields, and the proposed Ampere-Maxwell-Mendler circuit Law. Table 2 compares electrostatic and
magnetic force fields relative to the Gauss and Mendler laws.

Table 1. Maxwell Equations Extended [1,8,9].

Gauss’ Law for static Electricity Qrenc = €p (E e fia)dA = Qenc /g0
V ¢ E=p/eo

Gauss’ Law for Magnetism ¢B-enc = € (§ e fia)dA=0
VeB=0

Mendler’s Law for Static Electricity QE-enc =P (E X f{)dA =0

Mendler’s Law for Magnetism

Single electron @b-enc = §f (B X ﬁ)dA = Holle

Faraday’s Law of Induction BEMF =E e dL =-d¢s/dt
V x E=dB/dt

Ampere - Maxwell Circuit Law ¢ B edL = Ho(ienc + id)

ﬁﬁ . dE =Ho(ienc + 80d¢E/dt)
V xB=po (] + €00E/dt)
Ampere - Maxwell - Mendler Circuit Law §B o dL = (0 + nd) Popte 17,256

Table 2. Electron radiating and rotational flux values compared.

Flux density E B
Gauss’s Law: Flux OE-enc
Mendler’s Law: Flux x meters 0 (Pb-enc
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10. Prior Theory of Magnetism

According to prior theory magnetism is a variance in the electrostatic force field that is found by
applying Special Relativity [10]. Attributing magnetism to Special Relativity effects has two
drawbacks. In the first case, the field around an electrical conductor has a rotational direction.
According to Special Relativity, the conductor would experience radial not rotational flux. In the
second case, the effect of Special Relativity has been shown to produce only a negligibly small effect
in common electrical conductors [11]. This is due to the slow electron drift velocities relative to the
speed of light. Accordingly, Special Relativity does not account for the observed magnetic force field.
A new or revised explanation for the rotational magnetic field is needed. This paper proposes that
the magnetic field B is due to the electron’s magnetic moment e, and not qe.

11. Conclusions

This paper explores if the electron’s electrostatic charge qe has unknowingly been used as a proxy
for the electron’s magnetic moment pe.

Because both the electrostatic charge and the magnetic moment are intrinsic properties of the
electron, the ratio between the two is also an intrinsic and constant property. The two properties are
different, but if we know the value of one, we know the value of the other because of their fixed ratio.

Because the ratio of ge/pe is constant, we can always express the traditional magnetic and
electromagnetic equations in terms of ge (as is currently done) or in terms of pie. The existing magnetic
and electromagnetic equations remain mathematically correct if we substitute p. for qe because of the
fixed relationship between the two constants.

The electron also has an electrostatic force field E that is caused by the electrostatic charge g,
and a magnetic force field B that is said to also be caused by the electrostatic charge qe. Logically,
however, one would think that the electrostatic force field E would be caused by the electrostatic
charge qe, and the magnetic force field B would be caused by the magnetic moment pe. This paper
considers that the magnetic force field B is in fact caused by the magnetic moment p., and and not the
electrostatic charge qe.

The rotational magnetic field around electrical conductors was first observed by Oersted in 1820.
Shortly after Biot and Savart working together, and then Ampere working separately derived
“Ampere’s” circuit law. The electron had not yet been discovered.

The electron was discovered by J. ]. Thomson in 1897, and the electrostatic charge of the electron
was determined by Robert A. Millikan in 1909 [3,5]. We can now solve for the number of electrons ns
making up an electron current. We are then left with the choice of multiplying the number of electrons
making up the electron current ns by the electron’s electrostatic charge ge or the magnetic moment pe.
Either approach may be used to solve the Ampere circuit law because of the fixed ratio of qe/pte. It
seems logical to solve for the magnetic flux density B in terms of the magnetic moment p. This paper
considers that the magnetic flux density B is caused by the magnetic moment p. and not qe. It is
proposed that ge has been used as a proxy for pe in the Amperian Circuit Law.

Mendler’s Law of rotational force fields is proposed. Gauss’s Law relates to radiating flux, and
Mendler’s Law relates to the moment force or torque of rotational flux. The Maxwell Equations are
extended in this paper to include Mendler’s Law.

The magnetic field around electrical conductors has previously been considered to be due to
Special Relativity effects. That explanation has two shortcomings. In the first instance, Special
Relativity effects would produce a radial force field, however the observed magnetic field is
rotational. In the second instance, Special Relativity produces a negligibly small force field due to the
slow electron drift velocity relative to the speed of light. The proposed new explanation for the
magnetic field is based directly on the magnetic moment i, and provides both a rotational magnetic
force field and a force field of the correct strength.

The proposed new explanation for the magnetic field around electrical conductors assumes that
the magnetic moment’s of the free electrons align in the direction of the electron current. Alignment
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is assumed to occur only in the special case when the electrons are between (copper) atoms and in
“free space”. Electrons are currently known to align in free space in certain situations. Alignment of
the magnetic moments of the electrons in free space within electrical conductors is the subject of
further research.
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