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Abstract: It is shown that the Maxwell Heaviside equations

. can be written simply in terms of a field four vector G* = (0,
¢B +iE), where B is magnetic flux density and E is electric

* field strength. The method given is much simpler that thanused
by Barut [1] in expressing the Maxwell Heaviside equations as

. neutrino equations. Under Lorentz transformation G* trans-

" forms as a four vector, leading to novel interpretation. The field -

_ four vector G leads directly to cyclical relations between mag-
netic fields in the vacuum.
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1. Introduction

It is not well known that electric and magnetic fields can be
expressed in terms of four vectors. However, Barut [1] used
such a four vector to express the Maxwell Heaviside equa-
tions as neutrino equations. In this communication a much
simpler expression is found for the Maxwell Heaviside
equations in terms of the four vectors:

GF=(0,cB + iE) M
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and
H*= (0, H + icD) %))

where E is electric field strength, D is electric displacement:
B is magnetic flux density and H is magnetic field strength
in S. I. units. The Lorentz transform of these field four vec-
tors leads to different expressions for the field components
than the standard transformation of the field four tensor F**”
[2, 3], even though the basic equations are the same, the
Maxwell Heaviside equations. This shows that it is neces-
sary but not sufficient merely to consider the Lorentz trans-
form of field components. It is necessary and sufficient to
consider the Lorentz transform of field equations. The Max-
well Heaviside equations can be expressed either in terms
of field four vectors or as usual in terms of field four ten-
sors, yet the field components behave differently under
Lorentz transformation. The only possible way out of this
paradox is to always consider the Lorentz transformation of
the underlying field equations. '

2. The Maxwell Heaviside equations in terms
of field four vectors

Firstly consider the free space Maxwell Heaviside equations
using the four vector [1]:

G'=(0,cB + iE) (3)
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Clearly:
G*G,=G" G, *)

is a Lorentz invariant proportional to the field energy. The
free space field equations are simply:

E),, G¢=0 ()]
[0, Gl +i[dg, Gl =0. ©)
In vector notation and S. 1. units these give:
V-B=0, V-E=0; €))
oB 1 JE
VXxE+Z2=0; VxB-—=—=-=0. 8
ot ¢’ o ®)
For field matter interaction we use the field four vector:
H¥=(0,H + icD) i &)
and the Maxwell Heaviside equations are simply:
d, H'=igc
[a,-, Hl]+i[ao, Hk]:"]k‘ . (10)
In vector notation and S. 1. units these are:
V.B=0; V:-D=p;
vxH=L,J, vxE+3B_0, an
ot ot

Here g is scalar charge density and J is vector current den-
sity. Using the well known fact that 0 and J themselves form
the components of a four vector the Maxwell Heaviside
equations for field matter interaction can be combined into
just one relation between four vectors:

%(—iap H*, ([ai,H,-1+i[ao,Hkl))=(9,%lk)
(12)
and the free space equivalent is:

@, G" [0, Gl +1 96, GiD) =0. (13)

3. Discussion

Itis well known that the free space Maxwell Heaviside equa-
tions can be written in tensor form as [2, 3}:

9, F*: =0 (14)
0, F* =0 (15)
where the tensor F*” is the dual of F 4. A Lorentz boost in
the z direction of G* produces:
¢B/+iE/=cB,+IE,
cBj+iEj=cB,+iE,
cB/+iE/=y(cB/+iE))
cBy+iEy=~yB(cB;+IiE))

(16)

but a Lorentz boost in the z direction applied to F produc-
es

cB/=y(cB,+ ﬁEy)

CB; = }’(CBy + ﬁEx) an
cB/=cB]

B=0

a completely different result, even though eq. (13) and
egs. (14) and (15) are both precisely equivalent to eqs. (7)
and (8). The only common factor is that the charge cur-
rent four tensor transforms in the same way for vector rep-
resentation (12) and its equivalent tensor representation,
which is:

9, F":=0 (18)
QH: =T 19

The vector representation develops a timelike component
under a Lorentz boost in z, while the tensor representation
does not. However, the underlying equation in both cases
are the Maxwell Heaviside equations, which transform
covariantly in both cases, and, obviously, in the same way
for both the vector and tensor representations of the field
components.
If we define the vectors

a:=%(cB+iE) 20)

b:=%(cB—iE) @n

then

[a,.a)]=ia, etcyclicum :
[b,.b,=ib, et cyclicum 22)
la, b1=0 (@i,j=x2).

Thus a and b each generate a group SU(2), and the two
groups commute. The Lorentz group is then SU(2)
® SU(2) and transforms in a well defined way labelled by
two angular momenta (j, j*), the first corresponding to a
and the second to b. Thus a and b are generators of the
Lorentz group.

The vector G also transforms as the Pauli Lubanski vec-
tor in particle rest frame [4], for example a photon with a
very tiny mass. This strongly suggests that the vector repre-
sentation (1) is for the intrinsic spin of the electromagnetic
ficld at a fundamental level (one photon level), while the
tensor representation is for orbital angular momentum. This
is also suggested by O(3) electrodynamics [5-12], where the
fundamental intrinsic spin of the field is given by the Evans
Vigier vector B obeying the cyclic relations:

BV x B® = iBO B3* et cyclicum, (23)
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Ab Stando_rt 25479 Ellerau:
Diverse

| Glasbearbeitungs- |

maschinen

{ CNC-Prézisionsschleifmaschine
:1 Fabr, Schneider, Spheroline SLG 200 - §2

'{ CNG (Doppelspindler), Bj. 98

Verfahrwege: x/y - 285/125 mm, B 0-51", ¢
CNC-Steuerung Siemens Sinumerik 840, |
Kihimittelbehalter mit Zentrifuge, Fabr. |

HKS, Typ KM 50-B200

'+ 2 CNC-Prazisionspoliermaschinen |
t gabr. Schneider, Spherofine SLP 200 CNC, {4
1Bj.98

Verfahrwege: x/y - 285/125 mm, B 0-51°,

max. Polierschalen-@ 360 mm, CNC- }

Steuerung Siemens Sinumerik 840, sowie

Poliermittelbehalter, Fabr. Schneider, Typ |

PT 14-T, mit integrierter Temperaturrege-
lung

{ 2 CNC-Poliermaschinen
41 Fabr. Loh, Synchrospeed SPS 120 SL, Bj. 97

max. Linsen-2 120 mm, dazu Poliermitte)-

einrichtung bestehend aus Tank 151, Pum- |
pe und Temperaturregelung, 1 x mit Steue- |

rung Siemens Sicomp PC 32-F

CNC-Schleifmaschine
3 Fabr. Loh, Spheromatic SPM 120-2 SL
4 (Doppelspindler), Bj. 97 :
Linsen-@ 10 - 120 mm, Mittendicken- }:
Mess-System Tesa TT26, Hydrodehn-An- ¥
schluss @ 25 mm, Kihlaggregat BKW
041E-L-1813, dazu Kithimittelbehélter m. .
Zentrifuge, Fabr. HKS, Typ KM 50-B 125 ]

1 CNC-Rondiermaschine
1 Fabr, Dama Optik Maschinen, RMD 100 NG,
1Bj.98

Durchmesserbereich 10 - 100 mm, Bear-
beitungslange 100 mm, mit 3-Achsen-
Steuerung, Typ NUM 1020, dazu 1 Kihl-
mittelzentrifuge, Fabr. Turbo-Separator,
TypK100T58

1 NC-Rondiermaschine
i1 Fabr. Dama Optik Maschinen, RMD 200 CNC,
1 Bi.97/%

Durchmesserbereich 0 - 200 mm, Bear-

beitungslénge 180 mm, mit NC-Steue- .
rung, Fabr, Berger Lahr, Typ FD 2000, }

dazu 1 Kihimittel-Reinigungszentrifuge,
Fabr, Turbo-Separator, Typ K100 T5 B

Besichtigung:
Nach vorheriger Terminabsprache mdglich
Weitere Informationen auf Anfrages
und im Internet

ANGERMANN

{ INDUSTRIEANLAGEN GMBH |

D-20301 HAMBURG
POSTFACH 30 01 40
TELEFON 040-34 91 4-117
TELEFAX 040-34 91 4-125
Internet: http://www.angermann.de/maschinen
e-mail: aia@angermann.de

RMANN--

£l

——

T T




