Overview of:
Vacuum
Gauge
Electrodynamics
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Introduction

The ability of elementary particles to be created or destroyed is fundamental
to a modern understanding of what an elementary particle is. In fact, the
Quantum Field Theory of electrons and positrons uses creation and

annihilation operators st o st 5
bp bp dp dp

to create and destroy Dirac particles out of the vacuum.

This fact alone poses an insurmountable difficulty for anyone trying to solve
the problem of stability of the classical electron beginning with a Coulomb field
given by

€ .
k=57

This function is inconsistent with the philosophy of Quantum Field Theory and
represents a gross violation of causality, implying that the electron has lived an
eternal existence. In contrast, an electron created recently in a laboratory
should rightfully possess a Coulomb field constrained by the causality principle.
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Creating a Classical Electron

The consequences of strictly enforcing causality in the electromagnetic field is
the subject of vacuum gauge electrodynamics. Instead of a traditional
Coulomb field, the rest frame electric field vector is written

6 Fay

E(r,t) = ol vt —7r)r

In this equation the function 17 is an expanding light sphere (causality step)
which limits the causal reach of the Coulomb field.

Coulombs’ law must now be re-interpreted as a field which carries information
from the source into the surrounding vacuum. Energy conservation is violated

and the (generalized) Coulomb fields of the electron become momentum flux
fields.

Note that 1/ can be shown to be Lorentz invariant. When placed next to the
Coulomb field it operates on the field as a classical creation operator similar to

its quantum mechanical counterpart. It creates an electron by creating its
electric field vector.
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Vacuum Gauge Condition

Enforcing causality in the Coulomb field makes a description of the electron in
the Lorentz gauge highly untenable. Instead, you will find very quickly that
causality compels you to work in the vacuum gauge given by the covariant

gauge condition
0,A” = VE? — B2

For motion relative to an arbitrary
observer, appropriate scalar and
vector velocity potentials for the ¢
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causal theory will then be }
eR eR

A'U p— —2 . ’19 A’U pr— —2 . 79
P P

These are zero norm null
potentials---also constrained by
causality---and  just right for
propagating information into
outer space at the speed of light. [




De-Coupling in the Vacuum Gauge

By far, the most conspicuous property of vacuum gauge electrodynamics is
the natural separation of particle velocity and accelerations into
independent theories. For an arbitrary electron the total potentials consist

of a velocity potential and an acceleration potential which appears only
when the particle accelerates

A = AV 4 AY
Each independent set of potentials also satisfies its own set of equations
4
[(PAY — 09, Al = —J"
(1-

[1PAY — 070, A" = 41.]5
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An explicit form of the total potentials is

(1 — a’R
AU(T,t): E( a A)Ryﬁ
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Vacuum Waves

Energy propagating through the velocity fields of the classical particle may
be determined by writing the (velocity) field strength tensor exclusively in
terms of time-like and space-like portions of vacuum gauge potentials

BNy

AL A

(e

Electric and magnetic flux densities in this equation are proportional to the
conventional fields and given by

T

. =0E @w,=0B
Fourier modes of time-like and space-like potentials are

£ \/EAZ sinw(r — p/e+7e)
g -4

w
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and may be inserted above allowing the velocity fields to propagate as
conventional classical waves over all frequencies.
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Lagrangian Formulation

The vacuum gauge electron comes complete with its own specialized Lagrangian
formulation which can be easily derived from the conventional electromagnetic
Lagrangian 1 1 1
— LV * (L
£vac —_ _%A} n,LLI/ —|_ 50-6’?7 _ ;JQ}ALL
The associated stress tensor has a similarity to the Einstein field equations with
the final term added to propagate the velocity fields:

THY igﬁwﬁ o Qu,u 1 AV

In the rest frame this tensor can be integrated over all accessible space. It will
enforce particle stability and produce two tensors

‘mc? 0 0 0] 50T 19 0 0 ]
Fhv 0 0 0 0 T 0 3 0CT 0 0
et = L0 0 0 0f ™ 0 0  gocr 0
0O 0 0 0 0 0 0 Loer

The first describes a particle of mass m, while the second is associated
with its radiated field energy.
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Energy-Momentum Four-Vector

In the vacuum gauge, the energy-momentum four-vector of the electron cannot

be written as
EH = me? BH

Instead, causality forces the modification:
1% _ 2 o I 1%
Z:total (T) — Mnc B ) 19(7-) o §QCT/8

In this equation the function 79(7') indicates that a moving electron is
created at proper time zero. In addition, the last term represents the four-
vector radiation emitted by the particle after it was born. Contracting with
the four-velocity then determines the particle Hamiltonian:

H(T) =mc” - I(T) — Locr

For a particle which has been both created and destroyed, one may slightly
re-define creation and annihilation operators and write

H(T)=mce* - 0709 — socT
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Vacuum Gauge Electrodynamics

Vacuum gauge potentials give the electron the ability to propagate a new

form of energy. In addition to this, if you read details of the theory you will
also:
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* Determine that this energy is massless and related to its momentum by
the simple formula

E = Pc
* Solve the fundamental problem of particle stability

* Remove the problem of infinite self-energy

* Generate sensible solutions to the problem of the radiation reaction for

all possible motions without any of the difficulties associated with the
conventional theory

* Derive the Dirac Lagrangian and its associated energy-momentum
Stress Tensor.




