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Abstract 
The possibility of engineering an electromagnetic propulsion system that propels its own mass and 

4-current density to an arbitrary superluminal velocity, while experiencing no time dilation or length 
contraction is discussed. The Alcubierre “warp drive” metric space-time is compared to an electromagnetic 
field, superimposed onto an array of time varying 4-current density sources. From the Relativistic 
Lagrangian densities, an electromagnetic version of the Alcubierre metric is derived. It is shown that the 
energy condition violation required by the metric, is provided by the interaction term of the Lagrangian 
density. Negative energy density exists as the relative potential energy between the sources. This 
interaction results in a macroscopic quantum phase shift, as is found in the Bohm-Aharonov Effect, 
manifested as the Lorentz force. The energy density of the vacuum field is positive and derived from the 
free electromagnetic field. Using a polarizable vacuum approach, this energy density may also be 
interpreted as negative resulting from a negative, relative permittivity. Conservation laws then lead to the 
interpretation of the free electromagnetic field as the reaction force of the propulsion system, radiated away 
behind the sources. The metric components and the Lorentz force are shown to be independent of the 
forward group velocity “ sv ”. Therefore, velocities sv c>  may be permitted. 
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1 INTRODUCTION 
 

There has been much discussion regarding the Alcubierre “warp drive” metric[1] and its energy 
requirements.[1,2,3,4,5,6,7] Alcubierre showed that a negative energy density was required to make the 
warp drive space-time possible. A requirement that violates the Weak, Strong and Dominant Energy 
Conditions. It is now understood that all space-time shortcuts may require a negative energy density.[2] 
This is referred to as “Exotic Matter”, which implies something that is mysterious and unknown. In this 
paper the existence and nature of Exotic Matter is demonstrated so that the negative energy density 
problem may be solved. 

In recent years, the negative energy density requirements that violate the energy conditions have 
been steadily reduced.[3,4,5,6,7] The most recent works would seem to indicate that faster than light travel 
can be achieved with a vanishing amount of negative energy density.[6,7] It is well known that 
electromagnetic (EM) fields do not violate any of the energy conditions. However, the interaction between 
the EM field and an array of real sources of charge and current densities, does possess a well defined, 
negative potential energy density as is presented in section 5. This may be interpreted as a violation of the 
Weak Energy Condition though not necessarily. 

In section 4 this interaction is used to derive an electromagnetic version of the Alcubierre warp 
drive.[1] In section 3 there is a brief discussion of the Quantum Mechanical and Engineering 
interpretations. In the following section, the Alcubierre warp drive and the force that moves the warp drive 
forward are introduced. It is shown how this force may be derived from the Quantum Mechanical phase 
shift known as the Bohm-Aharonov Effect. 

For more than 6 years, Delta Group Engineering, (dgE) has been working on new engineering 
descriptions and methodologies that would affect the polarizable vacuum medium, as an alternative method 
for affecting space-time curvature. It began with the assumption that a relationship can be forged between 
an applied EM field and the local value of gravitational acceleration “ g ”. Electro-Gravi-Magnetics 
(EGM), was then defined as the modification of vacuum polarizability by applied electromagnetic fields.[8] 
EGM is to be understood and utilized as an engineering tool, well suited for applications such as the 
Alcubierre warp drive problem.  

In General Relativity there are few engineering methodologies for the manipulation of space-time 
curvature, other than the application of large amounts of matter and energy, on the order of planets, stars or 
Black Holes. Affecting the local value of space-time curvature is problematical for engineers, who are not 
provided with the appropriate tools for the task at hand. 

The objective of EGM is to solve this problem by usefully representing space-time as a polarizable 
vacuum (PV) medium. Moreover, EGM expands upon the PV Model[9,10,11] by describing the vacuum 
state as a superposition of EM fields. The EGM methodology permits the manipulation of vacuum 
polarizability and may therefore be utilized to affect the local space-time curvature.  

In what follows, the covariant form of EGM is used. The Euler equations of motion for a charged 
particle in an EM field, on a curved space-time manifold, are derived from the Relativistic Lagrangian 
densities. They are expressed by a single equation as,[12,13] 
 

 
2

2

d x dx dx dxm qF m
d d dd

α ν µ ν
α α
ν µντ τ ττ

= − Γ  (1) 

 
where “ xα ” are the coordinates and “τ ” is the proper time. The values “ m ” and “ q ” are the mass and 
charge of a test particle in an EM field, F g Fα µα

ν µν= . The Christoffel field representing the gravitational 

potentials is given by, “ α
µνΓ ”.[12,13]  All indices here are in  four dimensions. 

EGM is a tool that is applied by the superposition of time-dependent EM fields, derived from 
controlled sources of charge displacements and current densities. The fields interfere to produce a pattern 
of intensity in space-time. Lorentz forces may then be exerted on the charge displacements and current 
densities that both generate and intersect the field. EGM permits practical engineering solutions by utilizing 
the Poynting vectors to describe the flow of energy and momentum throughout the constructed field. 

The resulting EM field may be described by the superposition of fields from “ N ” distributed 
sources. 
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 ( )
1

N

F g F F Nα µα
ν µν µν= = ∑  (2) 

 
To then mimic a gravitational field utilizing EGM, geodesic motion is assumed in equation (1) so that the 
proper acceleration of the particle tends to zero. This allows the remaining terms to be set equal and solved. 
 

 

2

2 0d x
d
q dx dx dxF
m d d d

α

ν µ ν
α α
ν µν

τ

τ τ τ

→

= Γ
 (3) 

 
 The equivalence of EGM to the Polarizable Vacuum representation of General Relativity,[9,10,11] 
is evident when the EM field vectors are expressed in classical form, as is typically used in a homogeneous, 
polarizable medium. 
 

 ( )
1

N

o o oK Nε ε ε= = + = ∑D E E P E  (4) 

 
Where ,   and D E P  are the macroscopic charge displacement, electric field and polarization vectors, 
respectively. The classical permittivity of the vacuum, “ oε ”, is modified by the refractive index “ K ”, that 
is now constructed as required by the superposition of EM fields. 

In the PV Model, it is the variability of “ K ” as a function of the coordinates that determines the 
local curvature of the space-time manifold.[9,10,11] In EGM, the value of “ K ” is a transformation 
determined by the relative intensity, spectral energy and momentum of the applied  superposition of fields, 
at each set of coordinates.[8] 
 
2 WARP DRIVE AND THE BOHM-AHARONOV EFFECT 

 
It is typical when working with General Relativity that the metric signature be “ − + + + ” and the 

convention ( )1c G= =  be used. Represented as such, the Alcubierre warp drive metric is,[1] 
  

 ( ) ( ) ( ) ( ) ( )( )22 2 2 2
s sds dt dx dy dz v f r dt= − + + + −  (5) 

 
For the basic properties of this space-time and associated research, refer to the literature[1,2,3,4,5,6,7]. The 
velocity, ( ) /s sv dz t dt=  is held constant and the value of “ ( )sf r ” is an arbitrary function of the 
coordinates relative to the moving center of mass. The radial distance from the center of mass is, 
 

 ( ) ( )( )2 2
s s sr r x x y z z tα= = + + −  (6) 

 
where “ ( )sz t ” is parameterized by the coordinate time.  

Alcubierre’s notion was that the function “ ( )sf r ” may be imagined as a region of space-time, 
(his was like a “Top Hat” function) moving with  velocity “ sv ” along the “ z ” axis, carrying along with it 
all of the matter inside it. This may be expressed using “ s ” as an arbitrary parameterization of the proper 
time “τ ”,[1] 
 

 ( )( ) ( )
2 2 2 2 2

2
1 2s s s s

d dt dz dt dx dy dzv f r v f r
ds ds ds ds ds ds ds
τ          − = − − − + + +                   

 (7) 
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The Metric Tensor, “ gαβ ” may be decomposed as a small deviation from Minkowski space-time “ αβη ”, as 
g hαβ αβ αβη= + . In terms of which, (7) may be represented as the sum of two quantities, 
 

 
2 dx dxdx dxd h

ds ds ds ds ds
β βαβ αβα ατ η − = +  

 (8) 

 
Utilizing a linear superposition of EM fields, a similar procedure has been developed by dgE 

whereby the source contributions are added to the Lagrangian density, as is usually done in Quantum 
Mechanics to illustrate the Bohm-Aharonov Effect. 3  Then, only matter that possesses a 4-current density, 
by this we mean that it has a uniform time varying charge displacement throughout its volume, is 
considered to be coupled to the field. 

In what follows, imagine we are constructing a macroscopic superposition of fields by design. To 
do so, we must control the spatial distribution and time dependence of an ordered array of 4-current 
densities. We refer to these distributed 4-current densities as field emitters, with which we can envision 
engineering a macroscopic superposition of fields and field emitters, that carry themselves forward through 
space-time.  

It is assumed for simplicity that all of the matter within this region of space-time consists of 
identical field emitters. Each field emitter possesses a 4-current density that is a function of time, the 
coordinates relative to the moving center of mass and the other field emitters. For example, the field 
emitters could be nothing more than a pair of appropriately placed dipole antennas, or they could be an 
array of controlled super-currents flowing with one coherent oscillation frequency over many 
superconducting energy storage devices. By coherent, we mean that their oscillations are phase-locked to a 
specific, space-time phase displacement. 

Consider a macroscopic EM field composed of a coherent superposition of fields, abbreviated 
( ),s sA r t Aα α=  acting on a large, macroscopic, coherent current density distribution ( ),sJ r t Jα α= , 

transporting a charge density ( ), /Q s Qr t Q Vρ ρ= =  and a mass density, ( ), /M s Mr t M Vρ ρ= = . 

Maxwell’s continuity equation holds within each independent field emitter, 0Jα
α∂ = .  

These are macroscopic functions of the coordinates “ ( ),sr t ” relative to the center of mass, moving 
with a group velocity of  “ sv ”. They are controlled parameters, specifically engineered and designed to 
control the field strength at the location of each field emitter, by utilizing all of the other field emitters in 
the array. By using many controlled sources within the volume of some arbitrary by not too large region of 
space-time, the superimposed field strength intersecting the location of each field emitter can be regulated 
and the Lorentz force exerted on each emitter can be controlled.  

Note that the field need not be very strong. The superimposed fields are being used to control the 
Lorentz force exerted on each field emitter. EM fields can exert forces that are many orders of magnitude 
stronger than those caused by gravitational fields. This is how the acceleration of the field emitters will be 
created. 

This is an engineering problem in the macroscopic interference of a superposition of time varying 
EM fields, interacting with a finite number of co-moving time varying sources. It is similar to the radiation 
reaction problem found in Quantum Mechanics but here, the problem is on a macroscopic scale with many 
powerful sources. The relative coordinates, frequencies and phase of these sources must be defined and the 
interference terms calculated. Detailed calculations are therefore difficult and require further research and 
discussion. For the general mathematics to be discussed herein, this step is not necessary. However, it will 
be necessary when attempting to design an actual system. 
 To determine the equations of motion of the field emitters as in equation (1), the interaction of the 
field emitters with the superimposed EM field is now included in the covariant Lagrangian density.[12,13]  
 

                                                           
3 For the treatment of path integrals for charged matter in an EM field and the Bohm-Aharonov effect, see 
Jackson or Felsager.[12, 13] 
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 M Q s

dxdx dx A
ds ds ds

βαβ αα αρ η ρ
 

= − + 
  

LLLL  (9) 

 
Equation (9) is related to the path integral found in the Bohm-Aharonov Effect for a single charged particle.  
This effect is well known for demonstrating that gauge fields can exist in regions where the EM field 
vanishes.[13,14]  

The interaction term of the Action “ IS ” of a charged particle “ q ” in an EM field is, 
 
 IS q A dxαα

Γ

= ∫  (10) 

 
Its effect is to add a phase shift to the Propagator of the charged particle.[13] A Propagator for a free 
electron represents the quantum wave function propagating along a curved path defined by “Γ ”. The 
gauge phase factor (11) is the phase shift along the path. It is the Quantum Mechanical analog of the 
Lorentz force. [13]  

 ( )| expI
iB A q A dxααφ  =   ∫  (11) 

 
Therefore, when measured by the phase shift of the wave function, the path length will depend on this 
interaction term. This is evident from many quantum interference experiments that have already been 
conducted.[14,15] 
 For example, a super-current is a macroscopic 4-current density existing near the surface of the 
superconductor. It possesses a coherent phase distribution. Experiments show that a phase shift of 2 nπ  
must occur each time a quantum of magnetic flux crosses the path of the super-current.[15,16] This has 
resulted in the quantization of magnetic flux.[13,14,15,16] Since the super-current has constant phase 
throughout the superconductor, these quantized flux “vortices” as they are referred to, cause phase shifts 
that result in electrical resistance within the superconductor.[14,15,16] 

Similarly, the opposite effect also occurs. Reducing the flux lowers the electrical resistance along 
the path of the super-current.  

Looking at a simple gauge transformation of equation (10), A Aα α α χ′ = + ∂  when propagating 
along an infinitesimal open-path, “Γ ” from point “ A ” to point “ B ”, the Action is,[13] 
 

 

( )

( ) ( ) ( )

I

B B

I
A A

S q A dx q A dx

q A dx q dx S q B A

α α
α α α

α α
α α

χ

χ χ χ

Γ Γ

′ ′= = + ∂

= + ∂ = + −  

∫ ∫

∫ ∫
 (12) 

 
The scalar function “ χ ” has units of magnetic flux, (Volt-seconds in SI). The last term in (12) is 

the energy per frequency mode “ω ”, of the EM field. It is the energy per frequency mode that determines 
the value of “ χ ”.[17] This flux should have the same affect on the electrical resistance between two points 
as it did in the superconductor. It may be used to induce phase shifts in the quantum wave functions, to 
increase or decrease the effective length of the path. 
 
3 DISCUSSION 
 

The locations of the field emitters, their relative potentials and phase displacements are not 
arbitrary. Therefore, the choice of gauge is not arbitrary and the Lorentz gauge condition must be used. The 
field emitters posses a 4-current density and a mass density that will propagate forward, opposite a field of 
coherent EM waves.  

In the case of two identical field emitters, reciprocity assures that when the proper phase 
displacement is maintained, the same force will be exerted on both emitters. A proper phase displacement 
will result in a full-wave-rectified force vector, opposite a uni-directional field of coherent EM waves. The 
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coherent waves represent the flux linkages as they are called in an Electric Induction Motor.[18] Therefore, 
all of the field emitters are coupled. The relative phase displacements in both space and time between the 
field emitters, may then be used to control the speed of the array. 

In terms of large scale interferometry, the proper space-time phase displacement results in 
coherent constructive interference of EM waves behind the emitters and destructive interference in front of 
them. This configuration also maximizes the Lorentz force and propels the emitters forward to the group 
velocity “ sv ”. The similarity to the operation of a Linear Induction Motor should be clear. Although there 
are no relatively moving parts, one may entertain the notion that the Stator for this moving Linear Rotor is 
holographic.[18] Meaning, constructed from the superposition of EM fields. 

Note that the gauge and the phase are fixed, similar to a Massive Vector Field as it differs from a 
Massless Vector Field such as the free EM field. We conjecture that the EGM warp drive is analogous to a 
Massive Vector Field, that represents the massive field emitters propagating forward. In the sense that the 
field emitters represent a moving frame of reference, this frame is being “dragged” forward by the Lorentz 
force. This is analogous to Frame Dragging in General Relativity.[19] 

This does not change the result in equation (12) but it does mean that the value of ( ), xαχ χ ω→  
is a real function of the coordinates.[13] This also shows that the energy density per frequency mode4 may 
be controlled and utilized as a tool for engineering the vacuum polarizability.[8]  

In what follows, by controlling the interaction between the field emitters and the relative potentials 
of the EM field, the phase shift (11) and therefore the speed along the path may be controlled 
macroscopically. Controlling the sign of the interaction by use of the relative phase displacements, 
effectively lowers the resistance or impedance to the propagation of charge at one particular frequency 
mode and in one direction, while increasing it in the other direction. 

The impedance function can be expressed in terms of a variable index of refraction “ K ” as it is 
referred to in the PV Model,[9,10,11] by treating permeability and permittivity as Tensors. The components 
are macroscopic variables that depend on the superposition of fields at each set of coordinates, as in (4). 
[8,12,16] However, much of this information has been omitted because it is not needed to proceed with 
what follows. The development of a detailed engineering analysis of various practical configurations is in 
process and will be released by dgE in a set of detailed forthcoming papers.[8] 
 
4 ENGINEERING THE EGM METRIC 

 
The interaction term of (9) will now represent a macroscopic system of time varying 4-current 

densities superimposed on a macroscopic EM field. Making the substitution, 
 

 
22

1

1 12

Q Q
s s s

M M M

s s
M M

dx dx d dA A J A
ds d ds ds

dx dxdx dxd d dJ A J A
ds ds ds ds ds ds ds

α α αα α
α

β βαβ α αβ αα α
α α

ρ ρ τ τ
ρ ρ τ ρ

τ τ τη η
ρ ρ

= =

    → − = + +         

 (13) 

 
where /QJ dx dα αρ τ=  is the 4-current density at each emitter and “ sAα ” represents the potential due to the 
superposition of fields from the array, at the location of Jα . Utilizing EGM, equations (8) and (13) are set 
equal. Then these expressions may be solved as follows. 
  

 
2

1 12s s
M M

dx dxdx dxd dJ A J A h
ds ds ds ds ds ds

β βα α αβ αβα α
α α

τ τ η
ρ ρ

   
+ =   

   
 (14) 

 

                                                           
4 Note the similarity to the Casimir Effect where it is the energy density per frequency mode that leads to 
the Casimir force. 
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Reducing the right hand side, 
 

 ( )( ) ( )
2

2
2s s s s

dxdx dt dz dth v f r v f r
ds ds ds ds ds

βαβ α  = −  
 (15) 

 
Therefore the solution is of the form, 
 

 

( )( ) ( )

2

2

1 12

2

s s
M M

s s s s

dxdxd d dJ A J A
dt dt d d dt

dzv f r v f r
dt

βα α αβ α
α α

τ τ τη
ρ ρ τ τ

    
 +        

= −

 (16) 

 
By inspection, the terms for the coordinate velocity “ zv ” and the function, “ ( )s sv f r ” are, 
 

 1z

dxdx dv
d d dt

βαβ α τη
τ τ

 
 = =  

 (17)  

 ( ) ( )1 i
s s s s

M

d Qv f r J A A
dt M

α
α

τ φ
ρ

= − = − vi  (18) 

 
where ( )/ ,Q QJ d dtα τ ρ ρ= − v , / /Q M Q Mρ ρ =  and ( ), i

s sA Aα φ=  have been substituted. Equation (17) is 
valid assuming the energy requirements are not large. Therefore, equation (5) may be expressed using the 
EM field. Equation (19) shall be referred to as the “EGM Metric”, 
 

 

( ) ( ) ( ) ( ) ( )

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

2
2 2 2 2

2
2 2 2 21 2

i
s

i i
s s

Qds dt dx dy dz A dt
M

Q QA dt A dzdt dx dy dz
M M

φ

φ φ

 = − + + + − −  

    = − − − − − + + +         

v

v v

i

i i

 (19) 

 
The vector “ v ” is the instantaneous velocity of the charge density relative to the other sources. Notice that 
when the potential energy term is large and negative, ( )i

sQ A Mφ − < −vi  equation (19) is “Euclidian”. 
Coupling in the EGM Metric depends on the charge to mass ratio of the field emitters and the 

gauge potentials of the superimposed EM field. As in equation (5), this implies geodesic motion if dt dτ= . 
It may be shown explicitly using / ,  / ,  /x y zdx dt v dy dt v dz dt v= = =  for dt dτ= . 

 

 
( ) ( )

( ) ( ) ( )

2 2
2 2 2

2
2 2 2

1 2

2

i i
s s z x y z

i i
s s z z x y

d Q QA A v v v v
dt M M

Q QA A v v v v
M M

τ φ φ

φ φ

     − = − + − − − + + +          

   → − − − + = − +      

v v

v v

i i

i i

 (20) 

 
In the practical engineering designs investigated by dgE, the 4-current always flows in the plane 

normal to the direction of the Lorentz force and orthogonal to the direction of travel. Therefore the vector 
“ v ” is the instantaneous, transverse phase velocity of the 4-current density. It may be combinations of 
linear velocities “ xv ” and “ yv ”, or circular in terms of an angular velocity, “ r ω× ” in the plane. It is 
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independent of the forward group velocity “ sv ”, that results from the phase shift in the gauge phase factor, 
(11).[13] 

Equation (20) may be simplified by choosing the transverse phase velocity to be, 2 2
x yv v= +v . 

 

 

( ) ( )

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

2
2 2

2
2

2

,
, ,

,

i i
s s z z

i
z s

s i
s s s z

s

Q QA A v v
M M

Qv A
M

Q r t
r t A r t v j

M r t

φ φ

φ

φ

   − − − + = −      

 → − − = −  

→ − ± = − ±

v v v

v v

v v

i i

i

i

 (21) 

 
where the coordinate and time dependence have been referenced only as a reminder that these are wave 
functions. 

The “Method of Phasors” is commonly used in electronic network analysis, where Phasors 

represent imaginary numbers in the complex plane5, 02 21 , , 1 , 1
j j j jj e j e e e
π π

π−
= − = − = = − =            . 

Substitutions are then made to give a the proper phase displacements of the field. 
 

 ( )2
jj i

s zQ e A e M v j
π

πφ
 

± = − ± 
 

v v  (22) 

 
The proper phase displacement is such that the time varying charge displacement “ ( ),sQ r t ” and the 

voltage potential, “ ( ),sr tφ ” are 180o  out-of-phase, while “ ( ),sQ r t ” and “ ( ),i
s sA r t ” are 90o  out-of-phase. 

This phase displacement implies that the field, “ ( ), i
sAφ ” from each emitter can be generated simply by 

means of a standing-wave 4-current density. The resulting field potentials will then automatically satisfy 
this phase requirement, as solutions of Maxwell’s equations, ,  0sA J Jα α α

α= ∂ = . 
 Note that this equation can also be expressed in terms of the flux linkages.[18] Using Stokes 
theorem, the magnetic flux coupled to each field emitter is, AdσΦ = ∫  where the Line Integral is around 
the path of the closed current loop at each field emitter. Since all of the field emitters are equivalent except 
for a uniform phase displacement, a matrix transformation “ Kαβ ” representing the variable index of 
refraction as a function of the flux linkages may be used to generalize equation (22), at each element of the 
array. 
 

 ( ) ( )1
z

M

K J J v jα β
αβρ

= − ± v  (23) 

 
Equation (22) represents the generalized potential that leads to the Lorentz force. This potential 

can be expressed as,[13] 
 

 ( ) ( ) ( )i
s zU Q A M v jφ= − ± = − ±v v vi  (24) 

 
The right side of (24) does not possess negative mass. This term merely represents the negative potential 
energy. In this form, equation (24) is misleading in that these variables are all integral equations that 

                                                           
5 Expressing the imaginary unit as “ j ” rather than “ i ” is also commonly used of electronic network 
analysis textbooks. 
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represent the work done and the power used in a practical engineering scale array. These integrals will be 
shown for specific design configurations in a detailed forthcoming paper. 

The proper acceleration can be derived directly from the Lorentz Force, ( )[ ]/Q M= + ×a E v B . 
Since “ v ” is the transverse phase velocity, this force is never relativistic. It is Newtonian because it is 
unaffected by the acceleration and independent of the group velocity. The phase velocity vector, 1<v   
may be a constant amplitude, transverse, sinusoidal driven function while the group velocity,     sv dt= ∫a  
may continue to increase indefinitely or until the potential energy has been expended as work.6  

Moreover, there is no indication that a very strong field is necessary. Lorentz forces can be very 
strong forces even with a relatively small amount of energy, so there is no need to carry large impractical 
quantities of matter (or anti-matter). What is required, is a time varying charge displacement with the 
appropriate phase displacement in all matter to be coupled to the field. This could be called “Semi-Exotic 
Matter”, meaning normal matter that possesses the appropriate 4-current density, relative to the 
superimposed field, at those coordinates. 

Since the force is Newtonian, the work done is also Newtonian. The energy requirements for the 

EGM Metric are therefore classical, 21
2 sE Mv=  for 0 ?sv< < , and not relativistic! This is consistent 

with equation (19) being Euclidian for a large negative potential. 
 

5 NO NEED FOR EXOTIC MATTER 
 
 The Alcubierre warp drive suffers because it violates the Weak Energy Condition. It requires a 

negative energy density ( )( )200 ~ /s sT df r dr− . This violates most, if not all of the energy conditions, as do 
all space-time shortcuts.[2,6,7]. It is generally assumed that it requires some kind of unknown, Exotic 
Matter to have a negative energy density.  

However, the General Relativistic energy requirement estimates[2,6,7] are not applicable when 
using the EGM Metric because its energy requirements are small and are well defined. The function 
“ ( )sf r ” can be expressed exactly, in terms of a time varying superposition of EM fields interacting with 
the 4-current densities in the field emitters.  

From (18), ( ) /M s sv f r J Aα
αρ γ= − , is the interaction term of the Relativistic Lagrangian density 

from which the Lorentz force is derived.[12] Therefore, the derivative will depend on the Lorentz force 
density “ f β ”, 

 

 
( )s

M s
s s s

dx dxdf r
v F J f

dr dr dr
β ββλ β

λρ = =  (25) 

  
The EM field Lagrangian density however, contains more than just the interaction term. There is also the 
free field Lagrangian density,  

 1
16EM F Fαβ

αβπ
= −LLLL  (26) 

 
from which the equations of motion of the free EM field are derived.[12,13] These are simply 
electromagnetic waves in free space.  

The conservation laws require that 0Tαβ
α∂ = . Therefore, the vacuum part of the EM field outside 

of the field emitters, in the region where 0Jα =  must be included. The conservation laws require that,[12] 
 

                                                           
6 Note that in practical design configurations, the mass ( ),sM M r t=  also represents fuel and will be 
decreasing as the group speed increases.  
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 ( ) ( )3 0EM EM M
dd x T f P P
dt

αβ β β β
α∂ + = + =∫  (27) 

  
where ( )EM MP Pβ β+  is the total 4-momentum of the EM field plus the 4-current and mass densities, such 
that, 
 EMT F J f

αβ βλ β
α λ∂ = − = −  (28) 

 
This means that as the Lorentz force does work to move the field emitters forward, an EM field is radiated 
away behind the emitters, thereby conserving energy and momentum. This is now understood as the 
reaction force field, being radiated in the “ z− ” direction. 

Since (19) only requires the interaction term that results in the Lorentz force density “ f β ”, this 
term can have a negative energy density. This is offset by the energy density of the free EM field, “ 00

EMT ” 
radiated by the emitters. The energy density of the free field must be positive definite but the interaction 
contribution, “ 00

IT ” is the negative, relative potential energy possessed by the moving frame of field 
emitters. 

The problem with the Alcubierre metric can then be repaired in the EGM Metric, by requiring that 
the vacuum regions contain only the free EM field, 
 

 ( )00 00 2 21 0
8VAC EMT T
π

= = + ≥E B  (29) 

 
Note that the energy density of the EM field, plus the interaction of the 4-current density with the 
superimposed field potentials is,[12] 
 

 ( ) ( )00 2 21 1
8 4

T φ
π π

= + + ∇E B Ei  (30) 

 

 ( ) ( )0 1 1
8 4

i i
sT A

π π
= + ∇E× B Ei  (31) 

 
where ( ), i

s sA Aα φ= , is the field potential in the Lorentz gauge. The charge density is derived from  

4 Qπρ∇ =Ei , which is just the time component of the 4-current density, 4F Jαβ β
α π∂ = . Therefore, 

negative energy density may be shown explicitly by using Maxwell’s equation 
i
sA

t
φ

∂
= −∇ −

∂
E , 

 

 

( )00

2

1 1
4 4

1
4

1
4

I Q

i
s

Q

i
s

Q

T

A
t

A
t

φ φ ρ φ
π π

φ φ ρ φ
π

φ ρ φ
π Φ

= ∇ = ∇ +

 ∂
= −∇ − ∇ + ∂ 

 ∂
= − + ∇ + ∂ 

E E

E

i i

i

i

 (32) 

 
Since the charge density and the potentials are time varying and under the control of the engineering design 
parameters, the last term is negative, 0Qρ φ <  when the proper instantaneous phase displacement, 1je π = −  
is maintained between them. This implies that the potentials relative to the other field emitters, appear as a 
mirror reflection of the 4-current density at each emitter. 

It is shown in reference [20] that the EM field may violate the Weak Energy Condition near the 
boundary of an accelerating mirror. This is not known to happen in classical Electromagnetic theory. It may 
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be shown however, using the classical equation for the relative permittivity in a homogeneous, polarizable 
medium defined by,[16] 
 

 ( ) ( )1o

o

x xα αε
ε ξ

ε
+

= ≡ +
E P

E
 (33) 

 
that the relative permittivity at the source “ s ” may be controlled. It is then a function of the superposition 
of fields from the “ N ” parallel field emitters. Using this EGM methodology, equation (33) becomes, 
 

 1 2 ... ...s N
s

s

ε
+ + + + +

=
E E E E

E
 (34) 

 
If the fields are not parallel, then a matrix transformation is required. However, if the fields are 

parallel and mirror images of the source field, then an elementary example of a violation of the Weak 
Energy Condition can be shown when the resulting relative permittivity is negative, “ 0sε < ”.  

This can easily be constructed by the appropriate phase displacement between the fields 
superimposed at that location, as was demonstrated in [8]. Under this condition, using the classical, 
macroscopic Maxwell field equations, the energy density is also negative at the location of the source “ s ”.  
 
 200 0E s sT ε= <E  (35) 
 
The same procedure may be used to show negative energy density in a magnetic field, using a negative 
relative permeability, “ sµ ”.[8] The source then experiences a Lorentz force accelerating it in the direction 
which minimizes its energy.  

This illustrates that a Weak Energy Condition violation can be interpreted to occur in a 
superposition of classical EM fields. In the array of field emitters discussed herein, this is precisely what 
happens. Behind the field emitters the relative energy density is increased but in front of them it is 
decreased. This results from the constructive and destructive interference of the fields behind and in front 
of the field emitters, respectively. This violation is easily dismissed because it is merely an alternate 
interpretation of the usual Lorentz force acting on the source. Using the covariant approach the negative 
energy density is well defined by “ 00

IT ”. 
 
6 CONCLUSION 
  

The divergence terms shown in (30) and (32) are not present in the free field Tensor or in the 
vacuum equations of General Relativity. They arise from the interaction between the electric charge and the 
relative potentials of the EM field and result in the Bohm-Aharonov Effect. Thus, the EGM Metric (19), is 
not the same as the Alcubierre metric. What results is not what is expected from the analyses of the 
Alcubierre metric that have been performed using General Relativity.[1,2,3,4,5,6,7] 

In General Relativity, space-time is expected to curve to enclose the moving region of space-time. 
In the EGM metric however, curvature emerges from the phase shift, induced in the gauge phase factor (11) 
of the Semi-exotic Matter. By superimposing this matter with the EM field potentials, strong Lorentz forces 
are exerted, not weak Gravito-magnetic accelerations and with only relatively small amounts of energy on 
the order of  ½ 2

sMv . 
The negative energy density, Exotic Matter problem in the Alcubierre metric results because the it 

is thought to exist as a free field. Therefore, it is not well defined, which the term Exotic Matter implies. 
In this analysis, the negative energy density is not found in free space but in the relative potentials 

that exist between the field emitters. There must be an interacting system of sources and potentials, so that 
the negative energy density can be well defined. However, using a PV approach as in equations (34) and 
(35), a condition that violates the energy conditions may be found. 

 In the surrounding free space region, there is only an increased positive, free EM field energy 
density that does not violate any energy conditions. The free EM field is interpreted as the reaction force 
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field, opposite the Lorentz force acting on the field emitters. The wavelength of this coherent field is 
expanding behind each emitter as the field is radiated away at the speed of light. 

Initially, the stored potential energy density, “ Qρ φ ” that sustains the 4-current densities, must be 

large. Much larger than the free field energy density “ i
Q sAρ vi ” propelling the EGM warp drive forward. 

Eventually however, the potential energy will run down and the emitters will no longer be able to sustain 
the field. 

Also, note that the control problem caused by the event horizons found in the warp drive space-
times is not a control problem for the EGM warp drive presented here.[4,5] Since all of the field emitters 
are at rest in the moving frame, there is no problem with communication between them. The EGM warp 
drive is then always under control and can be maintained by means of amplified switching power 
regulators.7   

In the Alcubierre warp drive, the event horizon problem also prevents signals from propagating 
out of the moving space-time distortion caused by “ ( )sf r ”. This is due to the interpretation that this 
function exists as a free vacuum field space-time.  

In the EGM warp drive, this is not the case. Within each field emitter the function 

( ) 1
s s

s M

df r J A
v dt

α
α

τ
ρ

= − . However, outside of the field emitters 0Jα =  and therefore ( ) 0sf r = .  

This means that all of the matter carried by the array must be Semi-exotic Matter that possesses a 
proportional 4-current density. In order to determine in detail what a light signal emitted from the moving 
frame would look like far out in front of the array, the matter emitting the light, the 4-current density 
passing through it and the affects on the spectral emissions and velocity must be considered. A Quantum 
Mechanical description of Semi-exotic Matter is then required to proceed. 
 The most interesting result is that the unknown Exotic Matter is no longer required. It has yet to be 
investigated to see if EGM will work as effectively for other anomalies such as wormholes.[2,3,4,5,6,7] 
With regard to Exotic Matter we conjecture that, 
 
Exotic Matter is any matter that possesses the appropriate 4-current density for its particular set of 
coordinates within the superimposed field potentials. This means that by the appropriate induction of 
charge displacements, any material may be made to propagate forward with the field emitters. 
 
Electromagnetic induction fields may then hold the key for future long distance space travel. 
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