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Abstract 
We derive a unified field theory based on a rotating de Broglie wave packet 
that combines electromagnetism, quantum mechanics, gravity and the strong 
force. We assume the already proven electro-weak force. This Planck units 
theory requires that t r≈  and m r= . 
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1. Introduction 

Unified field theory, in particle physics is an attempt to describe all fundamental 
forces and the relationship between elementary particles in terms of a single 
theoretical framework [1] [2]. In physics, fields that mediate interactions be-
tween separate objects can describe forces. In the mid 19th century James Clerk 
Maxwell formulated the first field theory in his theory of electromagnetism [3]. 
Then, in the early part of the 20th century, Albert Einstein developed general re-
lativity, a field theory of gravitation [4] [5]. Later, Einstein and others attempted 
to construct a unified field theory in which electromagnetism and gravity would 
emerge as different aspects of a single fundamental field [6] [7]. They failed, and 
to this day gravity remains beyond attempts at a unified field theory. 

At subatomic distances, fields are described by quantum field theories, which 
apply the ideas of quantum mechanics to the fundamental field. In the 1940s 
quantum electrodynamics (QED), the quantum field theory of electromagnet-
ism, became fully developed [8] [9]. 

The electroweak interaction is the unified description of two of the four 
known forces: electromagnetism and the weak interaction [10] [11]. Although 
these two forces appear very different at everyday low energies, the theory mod-
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els them as two different aspects of the same force. 
It is generally believed that a successful grand unified theory (GUT) will still 

not include gravity. The problem here is that theorists do not yet know how to 
formulate a workable quantum field theory of gravity based on the exchange of a 
hypothesized graviton [12] [13] [14]. The current quest for a unified field theory 
is largely focused on superstring theory and in particular, on an adaptation 
known as M-theory [15]. 

One limitation with Einstein’s work was at first his rejection, and then his ig-
norance of quantum theory (which he acknowledged as the years went on). But 
even today, scientists who are familiar with quantum theory are also having dif-
ficulty coming up with a unified theory. 

There are many approaches being considered, but the most promising, ac-
cording to APS, involves string theory. The theory “describes all elementary par-
ticles as vibrating strings, with different modes of vibration producing different 
particles”.  

In the 1980s, physicists (led by John Schwarz and Michael Green) concluded 
that string theory could work because of its vibrations. Similar to how a violin 
plays different notes, the theory went, different vibrations in strings of nature 
would create different particles. In the mid-1990s, Edward Witten proposed 
more exact theories of string theory, now called M-theory. His work expanded 
string theory dimensions from six to seven, and showing new ingredients of the 
theory (including branes, or membrane-like objects in various dimensions). 

Work in this field is very much emerging, but researchers are trying to learn 
more physical properties of the string by studying the subatomic particles pro-
duced in particle accelerators, such as the Large Hadron Collider. Among other 
directions, the LHC experiments are intended to look for super symmetry, or a 
supposed mathematical property where every particle species would have a 
partner particle species.  

Physicists caution that a weakness of string theory is it has not yet been con-
firmed by data. There are also other approaches to unified field theory, such as 
quantum gravity, which tries to describe gravity in the terms of quantum ma-
thematics.  

We have discovered that a de Broglie matter field is a coupled solution to 
electromagnetism, quantum mechanics, gravity and the strong force. For 𝜀𝜀 an 
extremely small number, the wave packet is considered in the inertial frame of 
an orbiting mass that is moving at ( )c ε−  perpendicular to the orbit and based 
on the de Broglie condition for integral wavelengths [16] [17]. For these waves, 
mass and time are set equivalent to radius, allowable because the theory uses 
Planck units and time is heavily dilated. The “charge” of this field is not that of 
the electron, but Maxwell’s equations are precisely satisfied. In this paper, we 
present a detailed derivation of the field equations. 

2. Theory 

Given a mass, m, moving in a clockwise, circular orbit of constant radius, r, at a 
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constant velocity, ˆvθ− , and moving at ( )c ε−  in the positive z-direction,𝜀𝜀 
extremely small, there is the de Broglie relationship: 

h
p

λ = ,                               (1) 

where λ  is the wavelength of the de Broglie wave, h is Planck’s constant [18] 
and p is the magnitude of the orbital momentum of the mass. The de Broglie or-
bital condition [19] is: 

2πn rλ = .                              (2) 

In the inertial frame of the mass, define the following wave fields for the ro-
tating wave packet: 

ˆv
n
θ=B ,                              (3) 

ˆθθ=E ,                              (4) 

with 

t
n
ωθ = ,                              (5) 

for 

v
r

ω = .                              (6) 

In the sections that follow, only the energy due to the rotating fields will be 
considered. 

2.1. Electromagnetism 

The divergence of B  in cylindrical coordinates is: 

( )1 1 0z
r

B BrB
r r r z

θ

θ
∂ ∂∂

∇∗ = + + =
∂ ∂ ∂

B .                (7) 

The curl of B  is: 

( ) ( )ˆ ˆ 0
ˆz z r rrB rBB B B Br

r z
z

r z r r
θ θθ

θ θ
   ∂ ∂∂ ∂ ∂ ∂ ∇× = − − − + − =       ∂ ∂ ∂ ∂ ∂ ∂    

B .    (8) 

The divergence of E  is: 

( )1 1 1z
r

E ErE
r r r z r

θ

θ
∂ ∂∂

∇∗ = + + =
∂ ∂ ∂

E                 (9) 

the curl of E  is: 

( ) ( )ˆ ˆ 0
ˆz z r rrE rEE E E Er

r z
z

r z r r
θ θθ

θ θ
   ∂ ∂∂ ∂ ∂ ∂ ∇× = − − − + − =       ∂ ∂ ∂ ∂ ∂ ∂    

E .    (10) 

Define the density, ρ , with the equation: 
2π

0
d 1rρ θ =∫                           (11) 

or 
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1
2πr

ρ = .                           (12) 

Define the current density, J , with the equation: 

2π 0
t

∂
+ =
∂
EJ .                         (13) 

Based on Equations (4) and (5), (13) becomes: 

ˆ2π 0
n
ωθ+ =J  

or 

ˆ
2πn
ω θ= −J .                          (14) 

Equations (12) and (14) satisfy the equation of continuity [20]: 

0
t
ρ∂

∇∗ + =
∂

J .                         (15) 

If we let the permittivity, 0  and the permeability, 0µ  be such that: 

0 0
1 ; 2π
2π

ε µ= =                        (16) 

(This is explained in the Discussion section.) 
So the speed of light is: 

0 0

1 1c
ε µ

= = .                         (17) 

Then the system of field equations become: 

0

0ρ
ε

∇∗ = ∇∗ =E B  

0 0 0t t
µ µ ε∂ ∂

∇× = − ∇× = +
∂ ∂
B EE B J .               (18) 

These are Maxwell’s equations [21] for an electromagnetic field. Some addi-
tional support for these equations is provided by Ampere’s law [22]: 

2π
00

d Iµ∗ =∫ B                       (19) 

where I is the enclosed current. 

2π 2π

0 0

2πd dvr rv v
n n

θ λ∗ = = =∫ ∫B .               (20) 

2π

0
dvr hv

n p
θ =∫                        (21) 

or 
2π

0
dpr nhθ =∫ .                       (22) 

Equation (22) is the de Broglie condition. From (20), we see that the enclosed 
current is: 
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rvI
n

= .                            (23) 

The radiation flux of the electromagnetic field is given by the Poynting vector 
[23]: 

( )
0

1 0
µ

= × =S E B .                      (24) 

The energy density [24] is: 

2 2
0

0

1 1
2

u ε
µ

 
= + 

 
E B .                    (25) 

The conservation law for the field energy [25] is: 

u
t

∂
+∇∗ = − ∗

∂
S J E .                     (26) 

0∇∗ =S .                         (27) 

Therefore, 
2

22π
u t
t n

ω∂
= − ∗ =

∂
J E .                    (28) 

Equation (28) confirms the current density. The energy circulates through the 
electric field. Therefore, the total energy, BU  stored in the field is due to B : 

2
21

4π 2BU r
ρ

= =
B B .                     (29) 

Observe that in this field: 

m r t= ≈ .                        (30) 

This is explained in the Discussion section. 
Let the scalar potential be ϕ : 

21
2

rϕ θ= − .                       (31) 

The gradient of ϕ  is given as: 

ˆ1 ˆr̂
r r z

zϕ ϕ ϕϕ θ
θ

∂ ∂ ∂
∇ = + +

∂ ∂ ∂
.                (32) 

ˆϕ θθ∇ = − = −E .                     (33) 

The vector potential, A , is given by the equation: 

= ∇×B A .                       (34) 

Therefore, we must have: 

( ) ( )ˆˆ ˆz z r rrA rAA A A Ar
r z r z r

z
r

θ θθ
θ θ

   ∂ ∂∂ ∂ ∂ ∂ = − − − + −       ∂ ∂ ∂ ∂ ∂ ∂    
B .    (35) 

Equation (35) reduces to: 

ˆ z rA A
r z

θ
∂ ∂ = − − ∂ ∂ 

B .                    (36) 
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Since 𝑟𝑟 is constant, we must have: 

ˆrA
z
θ

∂
=

∂
B .                           (37) 

dr
v vzA z
n n

= =∫ , 

from which we can deduce: 

ˆvz r
n

=A .                           (38) 

Therefore: 

t
ϕ∂

= − −∇
∂
AE .                        (39) 

We see that: 

( )1 1 0z
r

A ArA
r r r z

θ

θ
∂ ∂∂

∇∗ = + + =
∂ ∂ ∂

A .                (40) 

So, this is a Coulomb gauge [26]. 

2.2. Quantum Mechanics 

Since the de Broglie wave is a “matter” wave, the quantum mechanical wave 
function of the de Broglie wave packet is simply the phase wave: 

e iEψ ρ −= .                         (41) 

This function is normalized since: 
2π *
0

d 1rψ ψ θ =∫ .                       (42) 

The traditional Schrodinger equation [27] is: 
2

2

2
i U

t m
ψ ψ ψ∂

= − ∇ +
∂



 .                    (43) 

However, for this field, m r= . Therefore, the equation becomes: 
2

2

2
i U

t r
ψ ψ ψ∂

= − ∇ +
∂



 .                    (44) 

From the de Broglie condition, we get 2v r
n

 =  
 

 . The energy eigenvalue de-
rives from: 

i
t n
ψ ω ψ∂  =  ∂  

  .                      (45) 

Consequently, the total energy of the system is given by the Hamiltonian, H: 
2vH r

n n
ωψ ψ ψ   = =   
   
  

or 
2H rψ ψ= B .                         (46) 

2
2

2 2 2

1 1
r r

ψψ ψ
θ
∂

∇ = = −
∂

.                    (47) 
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Therefore, 
2

22
2 3

2

1 1
2 2 2

v
vn r r

r nr
ψ ψ ψ

  
         − ∇ = =             
 

  

or 
2

2 21
2 2

r
r

ψ ψ − ∇ =  
 

B .                     (48) 

The potential energy, U, is the magnetic energy stored in the field: 
21

2BU r= B . Therefore: 

21
2

U rψ ψ =  
 

B                        (49) 

and the Schrodinger Equation (44) is satisfied.  

2.3. General Relativity 

We can calculate the field tensor [28]: 

F A Aαβ α β β α= ∂ − ∂ ,                     (50) 

where 
0x

α  ∂
∂ = −∇ ∂ 

 and ( ) ( )0 1 2 3, , , , , ,x x x x t r zθ= . This results in: 

2

2

0 0
0 0
0 0 0

1 2
1 2

0 0 0

E E
E B

F
E

B

θ θ

αβ θ θ

θ

θ

 − −
 
 =  
  − 

.             (51) 

The covariant form of Maxwell’s equations is as follows. The inhomogeneous 
equations are: 

0F Jαβ β
α µ∂ =                       (52) 

where ( ),J β ρ= J  is the four-current. The homogeneous equations are: 

0F F Fα βγ β γα γ αβ∂ + ∂ + ∂ = .                 (53) 

The scalar curvature, R, can be written as: 

1R
r

= .                          (54) 

The contravariant metric tensor [29] is: 

2

1 0 0 0
0 1 0 0
0 0 1 0
0 0 0 1

g
r

µν

− 
 
 =  
  
 

.                  (55) 

The relationship between the Ricci curvature tensor [30], Rµν  and the scalar 
curvature is given by: 
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R g Rµν
µν= .                          (56) 

The covariant metric tensor is: 

2

1 0 0 0
0 1 0 0
0 0 0
0 0 0 1

g
rαβ

− 
 
 =  
  
 

.                      (57) 

The covariant field tensor can be derived from: 

F g F gγδ
αβ αγ δβ=                           (58) 

or 
2 2

2

2

0 0
0 0
0 0 0

0 0

1 2
1 2

0

E r E
E B

F
r E

B

θ θ

θ θ
αβ

θ

θ

 
 
− − =  −
  
 

.                (59) 

The contravariant stress-energy tensor [31], Tαβ  can be derived from the 
following:  

1
2π

T g F A g Lαβ αµ β λ αβ
µλ= − ∂ −                     (60) 

where L is the Lagrangian density: 

( )2 21
4π

L = −E B                          (61) 

The covariant form of the stress energy tensor is derived from: 

T T g gαβ
µν αµ βν=                         (62) 

Substitution of the stress tensor (62), the metric tensor (57) and the scalar 
curvature (55) into the Einstein equations [32] allows one to determine the Ricci 
curvature tensor, Rµν . The Einstein equations are given as: 

4

1 8πΛ
2

GR g R g T
cµν µν µν µν− + =                   (63) 

with Λ  and G as the cosmological and gravitational constants, respectively. 
But since we are using Planck units, 1G c= =  and because the density is one 
dimensional, the Einstein equations for this system become: 

1 Λ 4π
2

R g R g Tµν µν µν µν− + = .                  (64) 

2.4. The Strong Force 

The Yukawa potential [33] for the strong force is given as: 

( )
2

e r Rgr
r

φ −= −                           (65) 

where, for the rotating de Broglie wave packet, 

https://doi.org/10.4236/jamp.2019.72026


L. M. Houston 
 

 

DOI: 10.4236/jamp.2019.72026 351 Journal of Applied Mathematics and Physics 
 

2

0

1 1
2π

g
ε

= =                            (66) 

and R is the range: 

R
mc

=
 .                             (67) 

But m r→  and 1c = , so (67) becomes: 

R
r

=
 .                             (68) 

Equations (65) and (68) can be used to derive: 

( ) 11 e Br
r

φ −= − .                         (69) 

However, the Yukawa potential is a screened Coulomb potential and for this 
system we must use the scalar “electric” potential given in Equation (31). Con-
sequently, the modified Yukawa potential for the rotating de Broglie wave is: 

2 11 e
2

BrEφ −= − .                         (70) 

3. Discussion 

In this Planck units UFT theory, c = 1. Since E/B = c, this implies that E = B. 
This follows from the equivalence: t r≈  (In terms of relativity, ct is the tem-
poral spatial coordinate, but in this case, c = 1). 

vB
n

= . 

v vE t t
n rn n
ωθ= = = → . 

Along with t r≈ , the equivalence: m r= , ensures the proper energy for the 
ground state: n = 1. That is, the total energy of the orbiting mass equals the total 
energy of the rotating field for n = 1. In addition, m r=  makes the quantum 
mechanics of the field consistent. 

1
2πr

ρ = . 

2 2 2

2 2

1 1
4π 2 2B

v vU r m
n nρ

= = ⇔
B . 

2 2 2 2 2 2
2

2 2 2 2

1 1 1 1
4π 2 2 2 2E

t v t vU r r r m
n r n n
ω

ρ
= = = = ⇔

E E  

Note that in this system, because the density is one dimensional, the “electric” 
field constant is given as: 

0

1
2πek
ε

= . 

Consequently, unlike typical Planck units, in which 0 1 4πε = , in this case, 

0 1 2πε = . 
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We let the mass orbiting in the r-θ plane move in the positive z-direction at 
approximately the speed of light ( )c ε− . Because of time dilation, ct remains 
virtually constant and we select t such that t r≈ .  

The magnitude of the gravitational field is just the curvature: 

2

1mg G
rr

= → . 

So, the divergence of the electric field is the magnitude of the gravitational 
field: 

g∇∗ =E . 

In this theory, the reduced Planck’s constant becomes: 

2 vr
n

 =  
 

 . 

But in Planck units, 1= . Consequently, the total energy is: 

E
n n
ω ω = = 
 
 . 

Furthermore, 1=  implies: 

nr
v

= . 

Consequently, 

g B= . 

The “charge” density for this theory is 1 wave packet per orbit or: 

1
2πr

ρ = . 

So the “charge” is 1q =  (i.e. 1 wave packet), so that we can write: 

2π
q

r
ρ = . 

But the charge of an electron in Planck units is: 

e α= , 

where α  is the fine structure constant. Clearly, despite the fact that this UFT 
includes an “electromagnetic” field, it does not actually incorporate electrons. 

We can show that v
n

 is typically extremely small and r and m are typically 
extremely large. The de Broglie condition is: 

2πn rλ = . 

This becomes: 

2πhn r
p
= . 

2πnh rmv= . 

vrm
n

= . 
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In SI units, we have: 

3410 J s vrm
n

− ⋅ = . 

Let 1 mr =  and 1 kgm = . Thus, without units, we have: 

3410 v
n

− = . 

In Planck units, 1= , so scaling yields: 

341 10v
n

= × . 

Consequently, in Planck units, we must have: 

3410v
n

−=  

and 
3410rm = . 

And since m r= , we have: 
1710r = . 

We can demonstrate the effects of relativistic speed as follows. Let zv c ε= − , 
where ε  is a small perturbation. Then we can calculate the time dilation as: 

( )2

21
c

t t
c
ε−

′∆ = ∆ − . 

( )2 2

2

2
1

c c
t t

c

ε ε− +
′∆ = ∆ − . 

Since 2ε  is negligible and we have: 

22
t ct t

c
εε

∆′∆ = = ∆ . 

In Planck units, 1c = . So we have: 

1
2

t t
ε

′∆ = ×∆ . 

Mass is augmented by relativity in a similar fashion: 

1
2

m m
ε

→ × . 

And since m r= , we have: 

1
2

r r
ε

→ × . 

4. Conclusions 

As mentioned in the introduction, the weak force combines with the electro-
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magnetic force to become the electro-weak force at high energies. Therefore, the 
r-θ, planar rotating de Broglie wave packet moving at ( )c ε−  in the positive z 
direction unifies all four forces and quantum mechanics with the stipulation that 
the theory uses Planck units, with t r≈  and m r= . 

Future work will be focused on showing that the unified de Broglie field can 
absorb and radiate gravitons or spin 2 particles. 
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