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Abstract 

This paper describes a mathematical proof that Gauss’s Law for Magnetism 
can be derived from the Law of Universal Magnetism [1]. A second reciprocal 
proof also shows that the Law of Universal Magnetism can be derived from 
Gauss’s Law for Magnetism. These two complimentary proofs confirm that 
the Law of Universal Magnetism is a valid equation rooted in Gaussian law. 
The paper also confirms the theoretical existence of the magnetic monopole 
and calculates its magnetic charge using the ratio of the electromagnetic field 
and the speed of light. Using the mass-to-charge ratio of an electron, the mass 
and radius of the magnetic monopole are determined. The monopole is found 
to have the same radius as the electron and can also be found in the electro-
magnetic spectrum range known as gamma rays. Lightning is a natural source 
of gamma rays and could prove fruitful in the search for monopoles. 
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1. Introduction 

The Law of Universal Magnetism was recently formulated and published earlier 
this year [1]. In this paper, a proof is offered to determine if the law aligns with 
Gauss’s law for magnetism. Gauss’s law for magnetism is a physical application 
of Gauss’s theorem, also known as the divergence theorem in calculus, which 
was independently discovered by Lagrange in 1762, Gauss in 1813, Ostrogradsky 
in 1826, and Green in 1828 [2].  

Gauss’s law for magnetism is one of the four Maxwell’s equations that under-
lie classical electrodynamics. It states that the magnetic field B has divergence 
equal to zero [3], is a solenoidal vector field and is equivalent to the statement 
that magnetic monopoles do not exist [4]. Rather than magnetic charges, the ba-
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sic entity for magnetism is the magnetic dipole. If magnetic monopoles exist, 
then Gauss’s law for magnetism would state that the divergence of B would be 
proportional to the magnetic charge density ρm, analogous to Gauss’s law for 
electric field. If magnetic monopoles do not exist, then for zero net magnetic 
charge density (ρm = 0), the original form of Gauss’s magnetism law, is the re-
sult. If monopoles are ever found, Gauss’s law would have to be modified, as 
elaborated in this paper. 

It was pointed out by Pierre Curie in 1894 that magnetic monopoles could 
theoretically exist, despite not having been seen so far [5]. Physicist Paul A. M. 
Dirac, in 1931, proposed the quantum theory of magnetic charge in his paper, 
Dirac showed that if any magnetic monopoles exist in the universe, then all elec-
tric charge in the universe must be quantized [6]. 

2. Deriving Gauss’s Law for Magnetism from the Law of  
Universal Magnetism 

Gauss’s law for magnetism cannot be derived from Law of Universal Magnetism 
alone since the Law of Universal Magnetism gives the magnetic field due to an 
individual magnetic charge only. However, Gauss’s law for magnetism can be 
proven from Law of Universal Magnetism if it is assumed, in addition, that the 
magnetic field obeys the superposition principle. The superposition principle 
says that the resulting field is the vector sum of fields generated by each particle 
or the integral if the magnetic charges are distributed smoothly in space. 

Law of Universal Magnetism 

1 2
2

ek H H
F

r
=


 

Substituting the speed of light squared for specific orbital energy (  ) we obtain 

1 2
2 2

ek H HF
r c

=
 

where, 
F = force (Newtons) 
H1 and H2 = magnitudes of magnetic poles (ampere-meter) 
μ = permeability of the intervening medium (tesla meter/ampere, henry/meter 

or newton/ampere2) 
r = separation (meter) 
c2 = speed of light (m2/s2) 

2 4πek c µ=  

Substituting in 0

4π
µ  for Coulombs Constant 2 ,ek

c
 we obtain the classic force  

of attraction equation between two magnetic poles when both poles are small 
enough to be represented as point magnetic charges, 

1 2
24π

H HF
r

µ
=

 
Law of Universal Magnetism states that the magnetic field due to a stationary 
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magnetic charge is: 

( ) 2

 
4π

m rq eB r
r

µ
=

 
where, 

er is the radial unit vector, 
qm is the magnetic charge of a test particle (SI unit: ampere-meter), 
μ is the permeability of the intervening medium (SI unit: tesla meter per am-

pere, henry per meter or newton per ampere squared), 
r is the separation (SI unit: meter). 
Using the Law of Universal Magnetism, we get the total field at r by using an 

integral to sum the field at r due to the infinitesimal change at each other point s 
in space to give: 

( ) ( )( ) 3
3 d

4π
m s r s

B r s
r s

ρµ −
=

−
∫

 
where mρ  is the magnetic charge density. If we take the divergence of both 
sides of this equation with respect to r and use the known theorem [7] 

( )3 4πr r
r

δ
 
 ∇ ⋅ =
 
   

where δ(r) is the Dirac delta function, the result is 

( ) ( ) ( ) 3dB r s r s sρ δ∇ ⋅ = −∫  

Using the sifting property of the Dirac delta function, we arrive at 

( ) mB r µρ∇ ⋅ =  

where 0µ µ=  the vacuum permeability, 

( ) 0 mB r µ ρ∇ ⋅ =  

which is the differential form of Gauss’s law for magnetism. 

3. Deriving Law of Universal Magnetism from Gauss’s Law 
for Magnetism 

The Law of Universal Magnetism can be proven from Gauss’s law for magnetism 
if it is assumed, in addition to the curl of the B field, that the magnetic field from 
a magnetic charge is spherically symmetric. This assumption, like the Law of 
Universal Magnetism itself, is exactly true if the magnetic charge is stationary, 
and approximately true if the charge is in motion. 

Taking S in the integral form of Gauss’ law of magnetism to be a spherical 
surface of radius r, centered at the magnetic charge qm we have 

d ms
B A qµ× =∫  

By the assumption of spherical symmetry, the integrand is a constant which 
can be taken out of the integral. The result is 

( )2 ˆ4π mr r B r qµ⋅ =  
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where r̂  is a unit vector pointing radially away from the charge. Again, by 
spherical symmetry, B points in the radial direction, and so we get 

( ) 24π
m rq eB r
r

µ
=

 
which is essentially equivalent to the Law of Universal Magnetism. Thus the in-
verse-square law dependence of the magnetic field in the Law of Universal Mag-
netism follows from Gauss’s law for magnetism. 

4. Maxwell’s Equation 

Maxwell’s equations of electromagnetism relate the electric and magnetic fields 
to each other and to the motions of electric charges. The standard equations 
provide for electric charges, but they posit no magnetic charges. Except for this 
difference, the equations are symmetric under the interchange of the electric and 
magnetic fields. In fact, symmetric Maxwell’s equations can be written when all 
charges and hence electric currents are zero, and this is how the electromagnetic 
wave equation is derived. 

Fully symmetric Maxwell’s equations can also be written if one allows for the 
possibility ofmagnetic charges analogous to electric charges [8]. With the inclu-
sion of a variable for the density of these magnetic charges mρ , there is also a 
magnetic current densityvariable in the equations, jm. 

If magnetic charges do not exist—or if they do exist, but are not present in a 
region of space—then the new terms in Maxwell’s equations are all zero, and the 
extended equations reduce to the conventional equations of electromagnetism 
such as 

0B∇ ⋅ =  
where ∇ = divergence and 

B = the magnetic B field. 
In the equations in Table 1, ρm is the magnetic charge density, jm is the mag-

netic current density, and qm is the magnetic charge of a test particle, all defined 
analogously to the related quantities of electric charge and current; v is the par-
ticle’s velocity and c is the speed of light. 

5. Calculate Magnetic Charge of a Monopole 

Using the ratio of Gauss’s law and Gauss’s law of magnetism we obtain, 

4π
4π

e

m

E
B

ρ
ρ

∇ ⋅
=

∇ ⋅  
The ratio of the electric to magnetic fields in an electromagnetic wave in free 

space is equal to the speed of light, 

e

m

c ρ
ρ

=
 

Calculate the magnetic charge density, 
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Table 1. Maxwell’s equations and Lorentz force equation with magnetic monopoles 
(Gaussian cgs units) [9]. 

Name Without magnetic monopoles With magnetic monopoles 

Gauss’s law 4π eE ρ∇ ⋅ =  

Gauss’s law for magnetism 0B∇ ⋅ =  4π mB ρ∇ ⋅ =  

Faraday’s law of induction 1 BE
c t
∂

−∇× =
∂

 
1 4π

m

BE j
c t c
∂

−∇× = +
∂

 

Ampere’s law 
(with Maxwell’s extension) 

1 4π
e

EB j
c t c
∂

∇× = +
∂

 

Lorentz force law e

vF q E B
c

 = + × 
 

 e m

v vF q E B q B E
c c

   = + × + − ×   
   

 

 
19

28
8

1.6 10 C 5.3 10 C s m
3 10 m s

e
m c

ρ
ρ

−
−×

= = = × ⋅
×  

The electron mass-to-charge ratio (m/Q) is a physical quantity that is most 
widely used in the electrodynamics of charged particles. The mass-to-charge ra-
tio for a magnetic monopole is not known so we will be using the 
mass-to-charge ratio of the electron for the calculations that follow. The 2014 
CODATA recommended value for an electron is e/me = −1.758820024 C/kg 
[10].  

Assuming the monopole is the magnetic charge and mass portion of an elec-
tron then the monopole mass is equal to, 

28

11

5.3 10 C s mMonopole mass
1.76 10 C kg

−× ⋅
=

×
 

39Monopole mass 3.0 10 kg s m−= × ⋅  

Conversion factor from SI unit to Natural Units for momentum, 
191 GeV 5.39 10 kg m s−= × ⋅  

Convert to GeV units, 
39

19

3.0 10 kg s mMo
5.3

nopole Mass
9 10 kg m s−

−×
× ⋅

⋅
=  

21 2Monopole Mass 5.56 10 GeV c−= ×  

Solving for kilograms where, 
2 271 GeV c 1.783 10 kg−= ×  

We obtain, 
48Monopole Mass 9.9 10 kg−= ×  

As a point of comparison, the mass of an electron is 9.1 × 10−31 kg. 
To determine the size of the magnetic monopole we can substitute the mono-

pole charge and mass into the classical electron radius calculation: 
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2

2
0

1
4πe

e

er
m c

=


 

152.8 10 mmr
−= ×  

In comparison the electron has the same radius of the magnetic monopole at 
2.8 × 10−15 meters. This calculation confirms the assumption of Giacomelli and 
Patrizil regarding the properties of magnetic monopoles where their paper states 
the radius of the monopole and electron are the same [11]. 

Doubling the radius, we obtain a wavelength of 5.6 × 10−15 meters, which 
equates to v = f = 5.35 × 1022 Hz. Using the Plank Hypothesis equation of E = hv, 
we obtain a quantum energy of a magnetic monopole to be 2.2 × 108 eV, which 
equates to 0.22 GeV. The low wavelength and high frequency makes monopoles 
a condition of gamma rays. Natural sources of gamma rays on Earth are ob-
served in the gamma decay of radionuclides and secondary radiation from at-
mospheric interactions with cosmic ray particles. There are other terrestrial nat-
ural sources, such as lightning strikes and terrestrial gamma-ray flashes. 

6. Conclusions 

A magnetic monopole is a hypothetical elementary particle in particle physics 
that is an isolated magnet with only one magnetic pole. A magnetic monopole 
would have a net magnetic charge, either plus or minus. Maxwell’s original equ-
ations, do not allow magnetic monopoles. However, when Maxwell’s equations 
are rewritten with magnetic charge included, the existence of monopoles is con-
sistent with the updated equation. Modern interest in the concept stems from 
particle theories, notably the grand unified and superstring theories, which pre-
dict their existence. 

In this paper we have written a proof whereby Gauss’s Law for Magnetism is 
derived from the Law of Universal Magnetism. A second proof was also written 
proving the reciprocal, that the Law of Universal Magnetism can be derived 
from Gauss’s Law for Magnetism. The two reciprocal proofs confirm the validity 
of the Law of Universal Magnetism and also provide proof of the existence of the 
magnetic monopole. The Law of Universal Magnetism and monopoles are mu-
tually dependent. 

Based on the size of the magnetic monopole radius we have concluded that 
they can be found at or near the frequency range of gamma rays. Lightning is a 
natural source of high frequency gamma rays and an excellent place to search for 
magnetic monopoles. Simulating a large short circuit or fault condition to simu-
late lightning in an electrical laboratory should also result in the production of 
monopoles. This paper suggests that where there are large quantities of electrons 
we should find free monopoles as well. 
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