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Abstract 
A classical field theory of gravity and electromagnetism is developed. The starting point of the 
theory is the Maxwell equations which are directly tied to the Riemann-Christoffel curvature ten-
sor. This is done through the derivatives of the Maxwell tensor which are equated to a vector field 
aλ  contracted with the curvature tensor, i.e., ;F a Rλ

µν κ λκµν= . The electromagnetic portion of the 
theory is shown to be equivalent to the classical Maxwell equations with the addition of a hidden 
variable. Because the proposed equations describing electromagnetism and gravity differ from the 
classical Maxwell-Einstein equations, their ability to describe classical physics is shown for several 
situations by direct calculation. The inclusion of antimatter and its behavior in a gravitational field, 
and the possibility of particle-like solutions exhibiting quantized charge, mass and angular mo-
mentum are discussed. 
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1. Introduction 
Since the introduction of General Relativity, numerous classical field theories have been proposed which at-
tempt to explain electromagnetism and gravitation in a unified and geometric framework [1] [2]. Many of these 
previous theories have proceeded by modifying the standard Riemann geometry or by working in more than 4 
dimensions [3]-[5]. Here a new and unconventional approach to this problem is developed that offers the possi-
bility of describing particles with both quantized charge and mass using a continuous 4-dimensional field theory 
and without making any modifications to the standard Riemann geometry. Although the general character of the 
solutions of the field equations proposed here is similar to that of General Relativity, the motivation for the equ-
ations is quite different. The motivation of Einstein’s field equations generally starts with a gravitational weak 
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field analysis ( )44 1 2 gravg φ≅ − + , and then progresses with some judicious guess work to 8πG GTµν µν= − . 
Here, instead of starting with that weak field analysis, the algebraic properties of the Riemann-Christoffel tensor 
are exploited to relate the Maxwell tensor and its derivatives to the curvature tensor. This leads naturally to a set 
of field equations that reduces in their weak field limit to the classical Maxwell equations and provides an un-
derlying geometric basis for electromagnetism. Following this approach, the electromagnetic and gravitational 
field sources are treated as dynamical variables which when considering particle-like solutions become quan-
tized through the application of appropriate boundary conditions. 

More specifically, a continuous field theory is proposed with dynamical variables represented by two 2nd-or- 
der tensor fields, two vector fields, and two scalar fields. All of these fields are familiar to classical physics with 
the exception of the vector field aλ , which is used to couple the derivatives of the Maxwell tensor to the Rie-
mann-Christoffel curvature tensor. The following is a list of the theory’s dynamical variables (fields): 

gµν : metric tensor; 
Fµν : Maxwell tensor; 
uλ : 4-velocity; 
aλ : no counterpart in classical physics, used in ; ;F a Rλ

µν κ λκµν=  
cρ : charge density; 
pρ : ponderable mass density. 

The outline of the paper is as follows. After describing the equations of the theory, I show that they are con-
sistent with the requirements of general covariance, i.e., there are four degrees of freedom in the solutions of the 
dynamical variables of the theory corresponding to the four degrees of freedom in the choice of coordinate sys-
tem. I then go on to find an exact spherically-symmetric solution for all dynamical variables representing the 
electric and gravitational fields of a point charge, which is in agreement with the asymptotic forms of these 
fields predicted by the conventional Maxwell-Einstein theory. A route to finding particle-like solutions having 
quantized mass, charge and angular momentum is then described, although exact solutions are not found. A dis-
cussion of antimatter, how it is included in the theory, and its behavior in gravitational fields are then given. 
Next I demonstrate a solution representing an electromagnetic plane wave in the weak field limit of the theory. 
Finally, I discuss the correspondence of the theory to classical electromagnetism. Throughout, emphasis is on 
the agreement of the proposed theory with the accepted understanding of classical physics (here classical phys-
ics refers to Maxwell-Einstein Theory). 

Geometric units are used along with a metric tensor having signature [+, +, +, ‒]. Spatial indices run from 1 to 
3, with 4 of the time index. For the definitions of the Riemann-Christoffel curvature tensor and the Ricci tensor, 
the conventions used by Weinberg are followed [6].1 

2. Theory 
A covariant theory of gravity and electromagnetism is developed by connecting the covariant derivatives of the 
Maxwell tensor ;Fµν κ  directly to the Riemann-curvature tensor via contraction with a continuous vector field 
aλ , 

;F a Rλ
µν κ λκµν=  (1) 

The motivations for this equation are the algebraic properties of the Riemann-curvature tensor. First, the cyc-
licity of the curvature tensor, 0R R Rλκµν λµνκ λνκµ+ + = , with (1) immediately gives Maxwell’s source-free equ-
ations, 

; ; ; 0F F Fµν κ νκ µ κµ ν+ + = , (2) 

or equivalently, , , , 0F F Fµν κ νκ µ κµ ν+ + = , since Fµν  is antisymmetric. Second, Maxwell’s source-containing 
equations are then introduced by contracting the μ and κ indices in (1) to obtain 

;F a Rµν λ ν
µ λ= −  (3) 

and noting that this forces 

( )
;

0a Rλ ν
λ ν

=  (4) 

 

 

1The definition of the Riemann-Christoffel curvature tensor is Rλ λ λ η λ η λ
µνκ κ µν ν µκ µν κη µκ νη≡ ∂ Γ − ∂ Γ + Γ Γ −Γ Γ , and the definition of the Ricci 

tensor is R Rλ
µκ µλκ≡ . 
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since ; ;F µν
µ ν  vanishes identically by the antisymmetry of F µν . The conserved vector field a Rλ ν

λ  is identi-
fied with the conserved electromagnetic current density  

( )c ca R u Jλ ν ν ν
λ ρ= =                                     (5) 

where the subscript c stands for charge and is added for clarification and uµ  is the ordinary 4-velocity satisfy-
ing the normalization 

1u uµ µ = −                                           (6) 

In (5), cρ  is interpreted as the charge density that would be measured by an observer in the locally inertial 
coordinate system co-moving with the charge. Together, (3) and (5) then lead directly to Maxwell’s source- 
containing equations,  

; cF Jµν ν
µ = −                                           (7) 

An expression for cρ  can be derived from (5) and (6) in two equivalent but slightly different forms, 

orc

u a R

a R a R

λ µ
µ λ

λ µ σ
λ σµ

ρ

−
= 

± −

                                    (8) 

which will both be useful when looking for specific solutions. To complete the theory, a conserved energy- 
momentum tensor is added, 

;
;

1 0
4pT u u F F g F Fµν µ ν µ νλ µν ρσ

ν λ ρσ
ν

ρ = + − = 
 

                        (9) 

where pρ  is the ponderable mass density and so always nonnegative. Contracting (9) with uµ  gives ; 0T uµν
ν µ = , 

which leads directly to 

( )
;

0puν

ν
ρ =                                           (10) 

identifying pρ  as a locally conserved quantity. Combining (9) and (10) then gives 

p c
Du u F
D

µ
λ µ

λρ ρ
τ

=                                     (11) 

the Lorentz Force Law. The particular form of the energy-momentum tensor in (9) was chosen to ensure (10) 
and (11) as consequences. As described in the next section, the theory is logically consistent from the stand 
point of general covariance without need to impose any conditions on the stress-energy tensor beyond it being 
divergence free and of the form given in (9). 

3. Logical Consistency and Completeness of Theory 
The logical consistency and completeness of the theory is manifest in 22 independent relations that are used to 
determine the 26 dynamical fields of the theory. The 4-degrees of freedom in the determination of the dynamical 
variables are a result of general covariance. The dynamical variables of the theory are given in Table 1. 

The equations of the theory are given in Table 2. 
But not all of the equations of the theory listed in Table 2 are independent. Dependent equations which are 

derived from the equations in Table 2 are listed in Table 3. 
The 11 dependent equations listed in Table 3, when applied against the 33 equations of the theory listed in 

Table 2, give a total of 22 independent equations. 

4. Integrability Conditions 
The approach presented here for electromagnetism and gravity departs from the standard Maxwell-Einstein de-
scription in the mixed system of first order partial differential equations that are used to describe the Maxwell 
tensor (1). It is not obvious at this point that (1) allows any solutions to exist due to the integrability conditions  



R. J. Beach 
 

 
931 

Table 1. Dynamical variables of theory.                                                           

Variable Description Number of components 

gµν  Metric tensor 10 

Fµν  Maxwell tensor 6 

aλ  4-Vector, no counterpart in classical physics 4 

uλ  4-Velocity 4 

cρ  Charge density 1 

pρ  Mass density 1 

Total = 26. 
 

Table 2. Equations of theory.                                                                   

Equation Equation number Number of components 

;F a Rλµν κ λκµν=  (1) 24 

ca R uλ ν ν
λ ρ=  (5) 4 

1u uµ µ = −  (6) 1 

;
;

1 0
4pT u u F F g F Fµν µ ν µ νλ µν ρσ

ν λ ρσ
ν

ρ = + − = 
 

 (9) 4 

Total = 33. 
 

Table 3. Dependent equations.                                                                  

Equation Equation number Derivation Number of components 

, , , 0F F Fµν κ νκ µ κµ ν+ + =  (2) 
(1) and cyclicity of the Riemann-curvature tensor, 

0R R Rλκµν λµνκ λνκµ+ + =  4 

( ) ( ); ;
0cu a Rν λ ν

λν ν
ρ = =  (4) (1) and (5) 1 

orc

u a R

a R a R

λ µ
µ λ

λ µ σ
λ σµ

ρ

−
= 

± −

 (8) (5) and (6) 1 

( )
;

0pu
ν

ν
ρ =  (10) (9) and (6) 1 

p c

Du u F
D

µ
λ µ

λρ ρ
τ

=  (11) (9), (6) and (10) 4 

Total = 11. 
 

that must be satisfied by such a system for a solution to exist [7]. Although there are several ways of stating 
what these integrability conditions are, perhaps the simplest is given by 

; ; ; ; kF F F R F Rσ σ
µν κ λ µν λ κ µσ ν λ σν µκλ− = − −                         (12) 

which is arrived at using the commutation relations for covariant derivatives. Using (1) to substitute for ;Fµν κ  
in (12) gives 

( ) ( )
; ; kk

a R a R F R F Rρ ρ σ σ
ρκµν ρλµν µσ ν λ σν µκλλ

− = − −                       (13) 

which can be interpreted as conditions that are automatically satisfied by any solution consisting of expressions 
for gµν , aλ  and Fµν  that satisfy (1). In addition to the integrability conditions represented by (13), subse-
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quent integrability conditions can be derived by repeatedly taking the covariant derivative of (13) and substitut-
ing in the resulting equation for ;Fµν κ  using (1). The question that now arises is this: are these integrability 
conditions so restrictive that perhaps no solutions exist to the proposed theory? If so, and no solutions exist, then 
the theory is not interesting. But as will be shown in the next section, formal solutions satisfying the theory and 
representing particle-like fields which are in agreement with the classical Maxwell-Einstein theory in their 
asymptotic limit do exist. Additionally, radiative solutions valid in the weak field limit of the theory and 
representing electromagnetic plane waves are shown to exist. The existence of these formal solutions provides 
one of the motivations for further investigation of the theory. 

5. Spherically Symmetric Solution 
In this section solutions having spherical symmetry are investigated. Under these conditions, it is demonstrated 
that the Reissner-Nordstrom metric with an appropriate choice for ( ), , , ,c pF a uλ λ

µν ρ ρ  is a formal solution of 
the theory, i.e., all equations in Table 2 are satisfied. Although the presentation in this section is purely formal, 
it is included here for several reasons. First, if the theory could not describe the asymptotic electric and gravita-
tional fields of a point charge it would be of no interest on physical grounds. Second, the presented theory re-
quires the solution of a mixed system of first order partial differential equations, a system that may be so restric-
tive that no solutions exist, and so at least a mechanical outline of one methodology to demonstrate a solution is 
warranted.  

Starting with the Reissner-Nordstrom metric [8], 

[ ]

2

2

2

22

2

2

1 0 0 0
21

0 0 0
0 0 Sin 0

20 0 0 1

q m
rr

r
r

q m
r

g

r

µν

θ

 
 
 + −
 
 
 
 
 
 − − +


=




                  (14) 

and a guess for aλ , 

( )10,0,0,a cλ =                                     (15) 

where 1c  is a yet to be determined constant, cρ  is determined from the second form of (8) to be 

( )2 2

15

2
c

q q r r m
c

r
ρ

+ −
=                               (16) 

where the positive root has been arbitrarily chosen. I’ll come back to this point later, but for now note that only 
nonnegative charge density is allowed by the theory with this choice for the root of (8). Using (5), uλ  is then 
found to be 

( )
1

2
1

0,0,0,
2

cru
cq r r m

λ
 
 =
 + − 

                           (17) 

The next step is to satisfy (1) by solving for Fµν . Rather than tackling this head on and trying to find a solu-
tion to (1), I will solve the integrability Equations (13), which are linear in Fµν  for Fµν . Solving (13) in this 
manner, it is found that all the integrability equations are satisfied for Fµν  given by 

( )

( )

2

13

2

13

0 0 00
0 0 0 0 0

0 0 0 0 0
0

0 0 0

r

r

r

r

mr q
cB B E r

B B E
B B E
E E E mr q

c

F

r

φ θ

φ θ
µν

θ φ

θ φ

−
−

−
−

− − −

 
        = =           
 

−
−

            (18) 
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Choosing 1c q m=  then gives an electric field that agrees with the Coulomb field of a point charge to lead-
ing order in 1 r . It is straightforward to substitute (18) into (1) and verify that (1) is now satisfied. The last re-
maining equation of the theory, the conserved energy-momentum Equation (9), is satisfied for pρ  given by 

( )4 2 2

2 6

2
p

q q mr r

m r
ρ

− +
= .                                (19) 

This demonstrates that the values for the field quantities ( ), , , , ,c pg F a uλ λ
µν µν ρ ρ  given in this section are 

an exact solution to the theory’s equations. 

6. Quantization 
The last step in the solution above in which the conserved energy-momentum Equation (9) was solved for pρ
demonstrates that formal solutions to the theory do exist. Because pρ  is a dynamical field of the proposed 
theory an additional physical constraint can be imposed on pρ  by requiring that it be self-consistent with the 
mass of the particle being modeled. This self-consistent mass can be determined by the gravitational field far 
from the particle, i.e., ( )2

44 1 2 1g m r O r= − + +  for large r. This constraint can be formulated quite generally 
for the static-metric, particle-like solutions being considered here as the following boundary condition, 

4 3 441
d lim

2p s r

gu x rρ γ
→∞

+
=∫ ,                           (20) 

where sγ  is the determinant of the spatial metric tensor given by [9], 

0 0

00

i j
sij ij

g g
g

g
γ = − .                                (21) 

In (21) i and j vary over the spatial indices only, and in (20) the factor 4
p uρ  appears in the integrand be- 

cause it is the locally measured mass density where pρ  is the mass density that would be measured in the lo-
cally inertial coordinate system that is co-moving with it. The same type of self-consistency argument used 
above for quantizing mass can also be applied to charge, leading to quantized charge solutions. For the spherical 
coordinate system being considered here, the appropriate boundary condition on charge is 

4 3 2
14d limc s r

u x r Fρ γ
→∞

=∫ .                             (22) 

For the spherically symmetric solution investigated in the previous section, the LHS of both (20) and (22) di-
verge leaving no hope for satisfying these boundary conditions. The upshot of this observation is that while 
representing a solution that describes the gravitational and electrical fields of a point charge and formally satis-
fying the equations of the theory in Table 2, the Reissner-Nordstrom metric solution cannot represent a physi-
cally allowed particle-like solution. The possibility of finding solutions that satisfy both the equations of the 
theory in Table 2 and the quantized mass and charge boundary conditions (20) and (22) remains an open ques-
tion at this point. The reason for the absolute value of 4u  in boundary condition (20) for mass but not in boun-
dary condition (22) for charge is driven by the symmetries of the equations of the theory in Table 2, and will be 
discussed more fully in the next section. Finally, if one goes to more generalized metrics that include nonzero 
angular momentum about an axis (cylindrically symmetric solutions) and so the possibility of magnetic fields, 
the line of thought used above to quantize the mass and charge of the particle can also be used to quantize its 
angular momentum. 

7. Antimatter 
The distinction between matter and antimatter in the theory is carried by the 4-velocity uλ  and the value that it 
takes on in the locally inertial co-moving coordinate system. In this coordinate system matter will have ( )0,0,0,1uλ =  
and antimatter will have ( )0,0,0, 1uλ = − . The spherically symmetric solution just investigated provides an il-
lustration of this. In that solution, the value of the constant c1 was chosen to be q/m. If q/m > 0, then the 4th 
component of uλ  in (17) is positive, corresponding to matter. If, on the other hand, q/m < 0, then the 4th com-
ponent of uλ  is negative, corresponding to antimatter. This is the analogue of the view today that a particle’s 
antiparticle is the particle moving backwards through time [10]. With these definitions for the 4-velocity of 
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matter and antimatter, charged ponderable mass density can annihilate similarly charged ponderable antimass 
density and satisfy both the local conservation of charge (4) and ponderable mass (10). Because total mass- 
energy is conserved (9), the annihilation of ponderable matter and antimatter must be accompanied by the gen-
eration of electromagnetic energy, the only other available energy channel in the theory. 

The following discussion further illuminates the definitions of matter and antimatter proposed above. For de-
finiteness in what follows I will require 0cρ ≥  always, corresponding to choosing the positive root in the 
second form of (8). With this requirement of only nonnegative charge density allowed by the theory, it will be 
useful to develop a test particle formalism to illustrate how test particles with an apparently negative charge can 
be handled in a self-consistent way. To do this I introduce a parameter s that takes on the value +1 for matter test 
particles and −1 for antimatter test particles 

1 for matter
1 for antimatter

s
+

= −
                                (23) 

Consistent with the above definitions for matter and antimatter, the transformation from a test particle’s prop-
er time interval dτ to a coordinate time interval dt is given by 

d ds tτ
γ

=  (24) 

and so the 4-velocity of a test particle is related to the ordinary 3-space velocity ( ), ,x y zv v v=v  by 

1
u sµ γ

 
=  

 

v
                                    (25) 

where γ has the usual definition 21 1γ = − v . Now consider a region with an externally defined electromag-
netic field  

0
0

0
0

z y x

z x y

y x z

x zy

B B E
B B E

F
B B E
E EE

µν

− 
 − =  −
  − − −

                              (26) 

and with no, or at least a very weak, gravitational field so that gµν µνη≈  and 0λ
µνΓ ≈ . Starting with the Lo-

rentz Force Law (11) we have 

0

d
d

d
d

d
d

0
0

0

z y x x

z x y y

y x z

p c

p c

z
p c

z

p

y

c

x

B B E s v
B B E s v

B B E s v
E

Du u F
D

u
s F u

t

s
s

st
sE

s

E

t

µ
λ µ

λ

µ λ
µλ

γ
γ
γ
γ

ρ ρ
τ

ρ γ ρ

γ
ρ γ ρ

γ

γ
ρ ρ

γ

−  
  − 

=

↓

=

↓

 
= − 

−

+ ×   
=   ⋅


  −
   − −   



↓

 

v

v E v B
v E

                          (27) 

which on the last line above ends up at the conventional form of the Lorentz Force Law except for the extra fac-
tor of s on the RHS. This extra factor of s in (27) gives the product s.ρc the appearance of a negative charge den-
sity for antimatter and a positive charge density for matter.  
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The equations of the theory in Table 2 exhibit C-symmetry (charge conjugation symmetry), as for any matter 
solution there exists a corresponding antimatter solution via the field transformation 

u u
a a
F F

λ λ

λ λ

µν µν

→ −

→ −

→ −

                                         (28) 

which leaves all equations in Table 2 unchanged. Using the already investigated Reissner-Nordstrom metric so-
lution and the C-symmetry exhibited by the equations of the theory under transformation (28) one can now make 
predictions about the behavior of antimatter in an external gravitational field—is it attracted or repelled? As 
noted above in the investigation of the Reissner-Nordstrom metric solution, the difference between matter and 
antimatter solutions is dictated by the choice of sign of the charge-to-mass ratio q/m. Examining the Reissner- 
Nordstrom metric (14) and noting that q appears always raised to the second power while m appears always to 
the first power (also true for the Kerr-Newman metric), the only way to ensure that matter solutions will have 
corresponding antimatter solutions with the same metrical structure is to require that the transformation from 
matter to corresponding antimatter solutions (changing the sign of the charge-to-mass ratio) be accomplished via 
the metric transformation m m→  and q q→ − . This observation is the reason that the absolute value of 4u  
is taken in the boundary condition (20) for mass but not in the boundary condition (22) for charge, and further 
motivates the requirement that ρp be always nonnegative. To answer the question of whether antimatter is at-
tracted or repelled by a gravitational field, I go again to the Lorentz Force Law (11), but this time assume there 
is no electromagnetic field present at the location of the test particle, just a gravitational field corresponding to a 
Schwarzschild metric generated by a central mass m corresponding to either matter or antimatter, that is a dis-
tance r from the test particle, also matter or antimatter, which I take to be initially at rest. In this case the equa-
tion of motion of the test particle reduces to a geodesic trajectory as expected 

2

2 2
44

0

d
d

21
d d 0
d d

0
0

Du
D

us u u
t

m mr
rr

s s u u s s
t t

t

µ

µ
µ ν ρ
νρ

µ ν ρ µ
νρ

τ

γ

θ
γ γ

φ

=

↓

= −Γ

↓

  − −     
     

    = −Γ ≈ −Γ =    
         

 

                    (29) 

where in the last line above I have approximated the RHS using the initial at rest value of ( )0,0,0,u sµ =  and I  

have used the fact that the only nonzero 44
µΓ  in a Schwarzchild metric is 1

44 2

21m m
rr

 Γ = − 
 

. Further simpli- 

fying the first component of the last line in (29) by noting that initially 1γ = , gives 
2

2 2

d
d

r m
t r

≈ −                                          (30) 

independent of s, and so demonstrating that the proposed theory predicts that both matter and antimatter test par-
ticles will be attracted by a gravitational field generated by either matter or antimatter. The prediction of (30) 
that the gravitational interaction between matter and antimatter is mutually attractive is in contradiction to recent 
predictions based on the classical general relativity equations and their assumed CPT invariance [11]. There has 
recently been much interest in this issue due to possible explanations of dark matter [12] and dark energy densi-
ty [13]. The planned AEgIS experiments (Antimatter Experiment: gravity, Interferometer, Spectroscopy) at 
CERN to measure the gravitational interaction between matter and antimatter may soon provide an experimental 
determination of this issue [14]. 
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8. Electromagnetic Plane Wave 
In this section I investigate approximate solutions that represent electromagnetic plane waves. Throughout I 
work in the weak field limit with 

( )ei t zg h ω
µν µν µνη −= +                                    (31) 

where [ ]diag 1,1,1, 1µνη = −  and 1hµν  , and I only retain the terms to 1st order in the h’s. The coordinate 
system used is ( ), , ,x y z t , and I assume a plane wave polarized in the x-direction and propagating in the +z-di- 
rection. This situation is described by the following Maxwell tensor, 

( ) ( )

( )

( )

0 0 e e
0 0 0 0

e 0 0 0

e 0 0 0

i t z i t z
y x

i t z
y

i t z
x

B E

F
B

E

ω ω

µν ω

ω

− −

−

−

 −
 
 

=  
 
 − 

                         (32) 

To begin, I guess at a form for aλ , 

( )1 2 3 4, , ,a c c c cλ =                                     (33) 

where c1, c2, c3 and c4 are yet to be determined constants. Next I impose (4), ( )
;

0a Rλ ν
λ ν

= , which gives 

( ) ( ) ( ) ( )23
3 4 33 34 44

1 e 2 0
2

i t zi c c h h h O hω ω−− + + + + =                       (34) 

There are two ways to solve (34), either 3 4c c=  or ( )34 33 44 2h h h= − + , but in the end it will not matter 
which is chosen, as both conditions will be required. Now imposing (1), we arrive at a series of constraints on 
the h’s and c’s that must be satisfied to the 1st order in h. Rather than reproduce all of these equations here, I just 
give the results below, which are straightforward to verify by direct substitution. 

( )

1 11

2

3 4

12

13 14

23 24

22 11

44 11 33

34 33 44

2
0

0

1
2

y x
c hB E

i
c
c c
h
h h
h h
h h
h h h

h h h

ω
= = −

=
=

=
= −

= −

= −
= +

= − +

                                    (35) 

In summary, the following metric tensor 
( ) ( ) ( )

( ) ( ) ( )

( ) ( ) ( ) ( ) ( )

( ) ( ) ( ) ( ) ( ) ( )

11 14 14

11 24 24

14 24 33 11 33

14 24 11 33 11 33

1 e 0 e e

0 1 e e e
1e e 1 e e
2

1e e e 1 e
2

i t z i t z i t z

i t z i t z i t z

i t z i t z i t z i t z

i t z i t z i t z i t z

h h h

h h h

g h h h h h

h h h h h h

ω ω ω

ω ω ω

ω ω ω ωµν

ω ω ω ω

− − −

− − −

− − − −

− − − −

 + −
 
 − −
 

=  − − + − +
 
 
 − + − + +
 

            (36) 

with aλ  given by 

4 4
11

2
, 0, ,xiE

ca c
h

λ

ω
=
 
− 
 

                                (37) 
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describes an electromagnetic plane wave polarized in the x-direction and propagating in the +z-direction with 
electric field amplitude Ex. At this point the values of h14, h24, h33, and c4 in (36) and (37) are not restricted 
beyond the small field approximation for the h’s. The solution has the interesting property that the value of h11 is 
only required to be nonzero to yield a physical solution for aλ , but beyond that is unrestricted except for the 
weak field approximation if no further conditions are placed on aλ . 

9. Discussion 
Taking a starting point that is distinctly different from that of the Maxwell-Einstein equations, the theory pro-
posed here has been shown to agree with the predictions of the Maxwell-Einstein equations in the classical 
physics regime: 
 Equations (2) , , , 0F F Fµν κ νκ µ κµ ν+ + =  and (7) ; cF Jµν ν

µ = −  of the theory, are in the weak field limit ex-
actly those of classical electromagnetism on Minkowski spacetime and so in the weak field limit the pro-
posed theory corresponds to the classical Maxwell theory as already demonstrated for several physical situa-
tions. However, the proposed theory does not correspond exactly to classical electromagnetism because the 
Maxwell tensor Fµν  is directly tied to the metric tensor and vice versa through (1). This is substantially 
different than the case in classical Maxwell-Einstein theory where the electromagnetic fields are at most 
coupled to the metric tensor through the energy-momentum tensor in Einstein’s General Relativity 
( )G Tµν µν= − . An interesting observation is that if one only assumes knowledge of Equations (2) and (7) but 
not (1), as in classical electromagnetism, then the view from the perspective of the theory proposed here is 
that the classical description is incomplete, i.e., Maxwell’s equations are incomplete due to the hidden varia-
ble aλ  in (1), aλ  having no direct correspondence in classical physics. 

 Solutions representing the fields of point charges are shown to be described by the theory with electric fields 
in agreement to leading order in 1/r with those calculated using Maxwell’s equations, and their gravitational 
fields in agreement with those calculated using the Reissner-Nordstrom metric and General Relativity. 

 Electromagnetic plane waves are shown to be allowed weak field solutions of the theory, and because Max-
well’s equations are contained in the theory, the interaction of charged matter with electromagnetic fields is 
also described by the theory. 

 Although not presented in this manuscript, by following the same procedure as outlined for the Reissner- 
Nordstrom metric in Section 5, one can show that the Kerr-Newman metric satisfies the equations of the 
theory to leading order in 1/r, demonstrating that the theory also allows the asymptotic field descriptions of a 
point charge superimposed on a magnetic dipole to leading order in 1/r.  

It is in the sense that the above points encompass classical physics that it can be argued the theory correctly 
describes classical physics. However, the theory differs from the classical physics description in that the source 
terms of both gravitational fields and electromagnetic fields are deterministically described as dynamic variables 
(fields) by the theory. The theory as presented obeys the rigid requirements of being logically complete in that 
the all of the theory’s dynamic variables (fields) are given up to the requirements imposed by general covariance. 
This internal logic is manifest with the introduction of the vector field aµ  that has no counterpart in classical 
physics, but which is a well hidden variable in most circumstances. Specifically aµ  is hidden in the classical 
physics regime considered above by the identification of it with the charge current density given in (5), i.e., with 
that identification the theory yields the standard Maxwell equations. The fact that aµ  is so well hidden in what 
is a fully deterministic theory that replicates our understanding of physics in the classical regime, and the fact 
that aµ  is intimately tied to the charge density of particle-like solutions (5) makes it enticing to consider it as a 
bridge to quantum mechanical considerations.  

A remarkable feature of the theory is that the gravitational field of particles is in agreement with that of Gen-
eral Relativity; this in spite of the fact that for the theory presented within the Riemann-Christoffel curvature 
tensor is fundamentally tied to the Maxwell tensor, but in General Relativity it is fundamentally tied the energy- 
momentum tensor. This point is worth emphasizing: both conventional General Relativity and the theory pre-
sented within allow static-metric solutions having the same character and representing point-like sources. Dif-
ferences between the presented theory and General Relativity start to become evident when considering non 
static metrics with distributed sources. For example, the Robertson-Walker metric is a solution of both the 
theory presented within and General Relativity, representing an isotropic and homogeneous universe in both 
cases. However, because the theory presented within does not directly tie the Riemann-Christoffel curvature 
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tensor to the energy-momentum tensor (as is done in General Relativity) there is no constraint placed on the 
scale parameter of the Robertson-Walker metric, i.e., no analogue to the Friedmann equation. Although not in-
vestigated further here, this difference between General Relativity and the theory within may be a motivation for 
further study of the theory, as the inability of General Relativity and the Standard Model of particle physics to 
correctly describe astronomical observations beyond the scale of our own solar system has recently served as an 
impetus to consider modifications to General Relativity [15].  

One of the most interesting aspects of the theory put forth here is its capability to give a self-consistent de-
scription of matter and antimatter from a classical (non-quantum) field theory. The requirement that both pon-
derable mass and charge density, representing either matter or antimatter, be nonnegative always (charge density 
is required to be nonnegative if we take the positive root of Equation (8)) is accommodated by the theory with 
the appropriate sign convention for uλ  as previously discussed. With this sign convention, the definition of 
matter and antimatter is forced and unambiguous to be consistent with observation and essentially boils down to 
saying that matter has positive charge q and antimatter has negative charge q, where q is defined by 

4 3dc sq u xρ γ= ∫                                    (38) 

This continuous field description of matter and antimatter potentially allows for particle-like solutions con-
taining separated regions of matter and antimatter configured such that they are dynamically stable. Any such 
particle solution will continue to have an accompanying antiparticle solution in the sense of the C-transforma- 
tion given by (28), but both of these C-symmetry related solutions will consist of separated regions of pondera-
ble matter and antimatter. Charged particles which consist of both matter and antimatter regions would then 
correspond to solutions in which the matter and antimatter regions are not balanced so as to give the net ob-
served charge of the particle. This leads to the interesting possibility that a charged neutral atom is comprised of 
equal quantities of continuous matter and antimatter with the implication being the universe is locally balanced 
in matter and antimatter. Although very speculative without specific solutions to refer to, the discussion in this 
paragraph is included to make the point that the association of matter with positive q and antimatter with nega-
tive q is not in contradiction with observation. 

10. Conclusions 
The proposed classical field theory of gravity and electromagnetism developed here encompasses classical 
physics but departs from the classical Maxwell-Einstein theory in two significant ways. First, the equation 

;F a Rλ
µν κ λκµν=  is introduced which ties the derivatives of the Maxwell tensor to the Riemann curvature tensor 

through a vector field aλ  that has no counterpart in classical physics. Second, beyond the requirement that the 
energy-momentum tensor is conserved ( ); 0T µν

ν =  and consists of a ponderable mass and electromagnetic term 
(9), there is no need to put any constraint on it as it is done in General Relativity, i.e., G Tµν µν= −  is not re-
quired. Adding to this, the definition of the conserved electromagnetic charge current (5) and a local normaliza-
tion requirement on the vector field uλ  (6), defines the theory. The theory is shown to be logically consistent 
from the standpoint of general covariance, with 22 independent equations determining the 26 dynamical fields  
( ), , , , ,c pg F a uλ λ

µν µν ρ ρ  that comprise the theory. In general the theory is more restrictive in its allowed solu- 
tions than the classical Maxwell-Einstein equations due to the mixed system of partial differential Equations (1) 
and their accompanying integrability conditions (12) which must be satisfied. Boundary conditions on any 
physically allowed particle-like solutions impose quantization conditions on the mass, charge and angular mo-
mentum of the solution, and the inclusion of antimatter and its behavior in a gravitational field is straightforward. 
Finally, the vector field aλ , which has no counterpart in classical physics, plays the part of a hidden variable in 
the classical physics regime. 

Because I have not offered any complete particle-like solutions satisfying the boundary conditions (20) and 
(22), the presented theory must be considered unproven at this point. However, the theory’s simplicity and logi-
cal consistency from the standpoint of general covariance, its ability to correctly describe the asymptotic gravi-
tational and electromagnetic fields of a point charge, the possible impact it may have on hidden variable theories, 
and its ability to describe classical physics may make it interesting for further investigation. 

The genesis of the work presented here was reported in a 1999 publication in which a different interpretation 
of (1) was proposed and an attempt was made to integrate it into classical General Relativity, 8πG GTµν µν= −  
[16]. 
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