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ABSTRACT

It is shown thet the vacuum four-current first introduced
empiricaly by Lehnet { I-4) can be derived from a locd gauge
transformation. The novdty of this gpproach lies in the use of
electromagnetic fidd components for the scdar fidd which is being
subjected to a locd gauge transformation. A Higgs mechanism is used to
derive a locdly gauge invariant Proca equation in a U( 1) and O(3)
invariant  eectrodynamics. The advantages of an O(3) over a U( 1)

invariant dectrodynamics are discussed.
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1. INTRODUCTION

In this paper the vacuum four-current first introduced by
Lehnert { I-4) is derived by a novel method based on using
electromagnetic fidld components for the internd gauge space. Two
types of internd gauge space are conddered: U(1) and O(3) invariant.
The scdar components in the internal space are considered to be complex
because the particle (photon) concomitant with the field is assumed to
cary a nove topologica charge g, which appears in the covariant
derivative obtained by loca gauge trandformation. In Section 2, it is
shown that this novel method produces the vacuum four-current first
proposed empirically by Lehnert { 1-4}, so the important conclusion is
reached that the Lehnert four-current can be obtained rigoroudy from
gauge theory. In section 3 a Higgs mechanism is used to show for the

fird time that the Proca equation is locdly gauge invariant. In the



received view { 5, b } the Proca eguation is not locally gauge invariant
because of the presence of an ad hoc mass term.

Finaly the novel advantages of an O(3) over a U( 1) invariant
gauge theory gpplied to dectrodynamics in this novel manner are

discussed in detal.

2. NOVEL GLOBALLY INVARIANT LAGRANGIANS AND WAVE
EQUATIONS IN THE INTERNAL SPACES OF THE U(1) AND O(3)
INVARIANT GAUGE THEORIES.

The novdty of this theory is that the internd space is consdered
to be made up of scdar components of an dectromagnetic fidd, a method
which leads to the Lehnert four-current in the vacuum. This gpproach has
not been used before because the internal space has dways been
considered to be made up of components of a matter field. Therefore the
entire theory is developed in the vacuum, whereas gauge theory as usudly
applied is developed for fidd meatter interaction. The important result is
that the Lehnert four-current can be derived from rigorous gauge theory

developed entirdly in the vacuum.



In U(1) invariant form the internd space is made up of a

complex scaar dectromagnetic field component A and its complex
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Use of complex fidlds signd the existence of a topologica charge g {

conjugate A* : -
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and it is shown for the firg time that g emerges from this method as part

of a covariant derivative in the vacuum:
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Standard methods { € } lead to the locdly invariant wave equations
¥
OA = QA =o ~ 0>
in the internd space. These are nove equations because the interna

space is usually associated with a matter field. The correctness of the

approach can be assessed through the fact that egns. (S ) are
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d Alembert equations for the scaar components A and A*. Using

gandard methods, locd gauge transformation gives the locdly invariant

lagrangian:
grang i: D/(,AD/"‘H*~—-:;F}*”’;_N _ﬂ_(é)

in the vacuum, THERE BEING NO MATTER FIELDS PRESENT. The

locdly invariant wave eguetions in the vacuum ae
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and the field equation IN THE VACUUM is .
LEA = —iqe (AT07A - aosn*) - (9)
where the covariant derivatives are defined by: ()°>
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and where the vacuum four-current:
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is the Lehnert four-current. Therefore the latter has been derived for the
fird time by usng gauge theory based entirdy on the eectromagnetic
fidd with no matter fidd present. Herein lies the novelty of our
approach, one which leads to the important result that the Lehnert four-
current can be derived rigoroudy from gauge theory.

If we use an O(3) invariant dectrodynamics, which has
several known advantages {9 , 10 } over U(1) invariant eectrodynamics,

we obtain the locdly O(3) gauge invariant lagrangian: s _
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where A has three components in generd and where G is the O(3)

invariant fied tensor { \ © }. The fidd equation obtained from this nove

approach (where no matter fields are used) is:
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where the right hand dde defines the O(3) invariant Lehnert vacuum four-
current. It has therefore been shown for the firg time that the Lehnert
four current exigs in an O(3) as wel as in a U(1) invariant

electrodynamics.




The locdly O(3) invariant wave equations obtained from this
theory are the noved vacuum wave equations.
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which smplify to:
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using the quantum ansatz‘/(j = ‘fg, . These are nove O(3)
invariant Proca equations obtained usng a novd method in which the

interna space is assumed to be made up of electrodynamic components.

3. ACQUISITION OF PHOTON MASS FROM THE VACUUM
If on the U( 1) level we extend the nove methods of the
previous section to include a standard Higgs mechanism we obtain the

U(1) field equation in the form: S
P <y (17 ) -0
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in which the tem =g m 11 ™ ﬂ implies that the dectromagnetic four
potential has acquired mass, WhICh can be identified as photon mass.
This verifies the approach used in the previous section. In genera al four
terms in the field equation ( 14 ) are vacuum four-currents and we
reach the important result that each of them can produce ENERGY

FROM THE VACUUM:

o lwad) = 7TA(“&C o AV )

Ancther novel and important result is that the minimum vaue of the

locdly gauge invariant lagrangian is

N

from which we obtain the Proca equation:
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if the mass of the photon is defined by:
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In an O(3) invariant theory the field equation obtained has the Structure of

a Yang Mills equation FOR THE VACUUM:
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30 the right hand sde is the Lehnert vacuum four-current. At the Higgs
minimum the Lehnert four-current is obtained from the symmetry broken
vacuum and tekes the form:

0 6= = =g x (A% xel) - (39)

o
which is an O(3) invariant Proca equation.

SUMMARY

The nove methods and results used in this paper can be
summarized as follows. A gauge theory has been used for the firg time in
which the internd space conssts of components of an dectromagnetic
fied, represented by potentid components. This method on the U( 1)
level results in the Lehnert vacuum four-current {1 = \y } , which is known

empiricdly to have severd advantages over the Maxwell Heavisde view.

\\



It has bee)rishown for the first time that the Lehnert four-current also exists
in an O(3) invariant gauge theory in which the internd space is
electromagnetic in nature. The results of the theory are supported by the
known advantages of the extended dectrodynamics of Lehnert { L 3
over the Maxwell Heavisde dectrodynamics. A gauge invariant Proca
equation has been shown to exis for the firg time using these nove
theoreticd methods, and the feasbility of extracting energy from the
vacuum shown for the firg time. It has been shown that dectromagnetic

energy from the vacuum is possible if there exiss a Lehnert four-current.
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