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ECE Field Equations |

e Field equations in mathematical form notation
DOT?=R% Oq°
DOT? =R% Oq°

o with
— A; antisymmetric wedge product
— T2: antisymmetric torsion form
— R3,: antisymmetric curvature form
— g2: tetrad form (from coordiate transformation)
— ~: Hodge dual transformation
— D operator and q are 1-forms, T and R are 2-forms
— summation over same upper and lower indices



ECE Axioms

Geometric forms T2, g2 are interpreted as
physical quantities

4-potential A proportional to Cartan tetrade q:
Aa:A(O)qa

Electromagnetic/gravitational field proportional
to torsion:

Fa=A0O)T2
a: index of tangent space
A): constant with physical dimensions



ECE Field Equations |

* Field equations in tensor form
aluF auv — A(O) (Ralu,UV _a)a,ubT b,uv):: /JOjaV
aluF auy — A(O) (Ralu,UV _wa'ub-i:b,ul/):: ﬂo\] av
e with N
— F: electromagnetic field tensor, T its Hodge dual, see
later
— ): spin connection
— J: charge current density
— |J: ,nomogeneous current density“, ,magnetic current”

— a,b: polarization indices
— M,V: Indexes of spacetime (t,x,y,z)



Properties of Field Equations

* Jis not necessarily external current, Is
defined by spacetime properties
completely

| only occurs If electromagnetism is
Influenced by gravitation, or magnetic
monopoles exist, otherwise =0

* Polarization index ,a"“ can be omitted If
tangent space is defined equal to space of
base manifold (assumed from now on)
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Electromagnetic Field Tensor

e Fand F are antisymmetric tensors, related to
vector components of electromagnetic fields
(polarization index omitted)

« Cartesian components are E =E! etc.
0 -E' -E* -F°

w_|E" 0 -cB’ cB’

F = 2 3 _pl
E cB 0 cB
E* -cB* cB 0
0 -cB' -cB* -cB®

Ew cB 0 E® - E?

cB® -FE° 0 E
cB® E° -FE 0




Potential with polarization
directions

o Potential matrix: (¢©@ ¢® @@ @)
0 AL(l) AL(Z) AL(3)
0 Az(l) AZ(Z) AZ(S)
L 0 As(l) A3(2) AS»)/
e Polarization vectors:
/A{”\ /Al<2)\ /Al<3)\
AOD = Az(l) AP — Az(l) AG = A2<3)
@ (2) (3)
A AT A




ECE Field Equations — Vector Form

OB®* =u,p.,. =p,'=0 Gausd.aw
OxE® + 6; = lUj. =] =0 Faradayaw of Induction
(g = P Coulomt Law
CC"O
[OxB? —iz aaEt = ,J.° Ampére- Maxwell Law
C

,Material* Equations

D? = £ EOEa Dielectric Displacement
Magnetic Induction

B® = 4 f,H" g



ECE Field Equations — Vector Form
without Polarization Index

B = tyPo, = Por =0 Gausd.aw
xE +aa_|t3 = U)o =1Jen =0 Faraday.aw of Induction
NiE=Fe Coulomt Law
EO
DXB_%GO_ItE = UJ, Ampere- Maxwell Law
C

,Material* Equations

D=¢¢&,E Dielectric Displacement
B=yu ,UoH Magnetic Induction
r



Physical Units

V

[E] = — . 1
m =V [ag] =
[B] =T = VL5 — L Vc S
m 2 A A] i . 1
C A S Tm @] =—
[D]= "5, [H]=— m
M m
Charge Density/Current .,Magnetic* Density/Current
_A g Vs
[p.]=C/m’ [Pl === [ 1=

[J.]=A/M*=CI(m’s) . ,_ A v
[Jeh]__ [Jeh]__2
ms m 0



Field-Potential Relations |
Full Equation Set

0A?2
ot
B =[OxA*-®% xAP

E? =-0d? - - " bA” + 0% P°

Potentials and Spin Connections

A2 \ector potential

®2; scalar potential

o3, Vector spin connection
0%, Scalar spin connection

Please observe the Einstein summation convention!y;



ECE Field Equations in Terms of Potential |

Gaus Law:

OJQo®% xA°)=0

Faraday_aw of Induction:

o’ XAb) _

—O% (e "bA°) + O (0% pD°) — o 5

CoulombLaw:

-0 aai - AD?* - 0w, vA°) + 0 Qo d°) = Pe
ot &,
Ampere- MaxwellLaw:

O(ORA?)-AA? —Ox (% xAP)

2 a a a b
+1 0°A%  O(@bA%) 0D _9(0D") R
o’ ot ot ot
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Antisymmetry Conditions of
ECE Field Equations |

Electric

antisymmetry constraints:

Magnetic
antisymmetr
constraints:

Or simplified

Lindstrom constraint:

(p? - Ol = a.{)abAb -—0%®P° =0
ot

GA 3 4 BA 2 g Cdab,zAbS 4 Cdab,gAbz _ O
0X,  O0X%,
Ui + U5k + Pp 1A’ + (3 AL =0
ox, 0%,
0A2 + AT +a)ab,1Ab2 +C<)ab,2Ab1 =0
ox, 0%,

OxA2+0% xA? =0
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Field-Potential Relations Il
One Polarization only

E =—D¢—%—?—%A +O®

B=[UxXxA-®xA

Potentials and Spin Connections

A: Vector potential
®: scalar potential
®: Vector spin connection
®,. Scalar spin connection
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ECE Field Equations in Terms of Potential

Gausd.aw:

O{owxA)=0

Faraday.aw of Induction:

d(@xA) _ 0

~Ox (@A) + DX (00) - =2

CoulombLaw:

—DB%?—ACD—DEQ&)OAHDEQOJCD) =P
0
Ampere- MaxwellLaw:

O(OR) -AA —Ox(@xA)

2
N 0§+6(%A)+D6¢_0(m¢) 0,
2| ot ot at o
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Antisymmetry Conditions of
ECE Field Equations Il

Electric antisymmetry constraints:  Magnetic antisystny constraints:
DCD—%—?—CUOA—(DCD:O Z’::+g'::+a)2A3+%AZ:O
S A T A =0
LTI A+ @A =0
or: [(OxA+oxA=0

All these relations appear in addition to the ECE field equations and are
constraints of them. They replace Lorenz Gauge invariance and can be
used to derive special properties. 16



Relation between Potentials and Spin Connections
derived from Antisymmetry Conditions

1. 9A
Azod=>(-22 00
WA =0® =7 (-5 +HP)

Thusspinconnectioscanbecalculatedrom thepotentials

®= - (—6A+D<D)
20 ot
) 1 0A
— = A = —— +[OP) A
“ a2 2A2( ot )

Denominatos haveto begivenattention
Az0
dz£0
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Alternative |I: ECE Field Equations with
Alternative Current Definitions (a)

StandardECE definition of currents(Maxwell - like) :
aﬂEa,uv — A(O)(I':\”,aﬂﬂv _ a)aﬂb-i:b,uV) — ,Uojav

aﬂF auy — A(O)(Ralu,W _@aﬂb-l-b,uV) — ,UoJ av

Alternativ e definition (covariant derivative maintained) :
DE™ =0 F™ + 0 o™ = AOR®™ = 1],

DIUF apy  — a,uF auv +C()a,ub|: buv — A(O) Ra,u'uv = ,quAaV
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Alternative |I: ECE Field Equations with
Alternative Current Definitions (b)

OB® = Uy Pp. = Pacr =0 Gausd.aw
OxE® +ddit = lyj aer. = aern =0 Faraday.aw of Induction
(E? = Pre Coulomt Law

50

.1 dE? . \

[xB" -— i = Uyd pe Ampere- Maxwell Law

C
with
E = 2 + v [
dt ot

v isrelativevelocitybetweerobserveanddetector

(http: //lwww.angdfire.comsc3/elmadiles/phigos/phippsQ.pdf) 19



Alternative Il: ECE Field Equations with
currents defined by curvature only

Coulomt Law: Peo Lo NOrmal charge density
S OA L P and current
- B%T A = £ Pe1 Ly “cold” charge density
and current

~O[(epA) + D (0d) = L2

0

Ampere- MaxwellLaw:

1 62A 6<D
D(D D3‘)_AA+ 2 ( atz at ] ILIO‘]eO

CFx(en (@A) _0(0®P)
o A)+c( ot ot j Hola
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Field-Potential Relations Il
Linearized Equations

E:—D¢—@§+mE
ot
B=0OxA+0o,

Potentials and Spin Connections

A: Vector potential

®: scalar potential

og: Vector spin connection of electric field
og: Vector spin connection of magnetic field

21



ECE Field Equations in Terms of Potential |

Gaus Law:
Ol =0
Faraday_aw of Induction:

DXwE+amB:
ot

CoulombLaw:

02 _pv+0m, =P
ot &,

Ampere- MaxwellLaw:

O(OMA) -AA + Ox o,

1({0°A _ 0P O
+ + [ -——E =yl
cz(at2 ot atj HoTe
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Antisymmetry Conditions of

ECE Field Equations

Define additional vectors O = —(0) E1 ‘”Ez)

O, Opy, Mg, Op).

0A

Wp = _((‘)Bl _(DBZ)

Electric antisymmetry constrain [/ ® ——+ o, t 0, =0

ot
(0A,  OA,

0X, 0X,

Magnetic antisymmetry constraints: aAi + aAS
0%, 0%
0A, . 0A

\ 0%, OXZ)

g tog, =0

23



Curvature Vectors

Orbitalcurvaturdelectricfield) :

0% .
ot

R. % = R%(orbital) = 1[- O s =
C

without polarisaton:

. 1 0®
R: = R(orbital) —E(— Dy, —Ej
Spincurvaturdmagnetidield)
R =R%(spin) = Ix0% -0 x0%
without polarisaton: Units:

R, =R(spin =0xw IR b =R 5] =

%ac(!)cb + %Cb(ﬂ ac j

1

m2

24



Geometrical Definition of Electric
Charge/Current Densities

With polarization:
Chargedensity.

0= gc(mab [E° —cA® DRE%)
Electriccurrent

a a b 1 a b 1 b a b a
J. =& bE" +—| 0 xB" —— P [R.h —A xR

. . Ho C
Without polarization:

Chargedensity:
.= &(0E-CAR)
Electriccurrent

J. :SO%E+1(O)XB—1(D[RE —AXRBJ
Ho C
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Geometrical Definition of Magnetic
Charge/Current Densities

With polarization:

Homogeneosichargadensity.

Pen = 0% B —A" R’

Homogeneos curren .

J = @B to L, xE tO IR - cA XR
Without polarization:

Homogeneos chargedensity:

P =B -AR,

Homogeneosicurrent

Jo,=—wB+oXE+P[R; —~CAXR_

26



Additional Field Equations due to
Vanishing Homogeneous Currents

With polarization:
0% B° =A° [IRBab
0% XE® — @ B® = -®° [R_ % +cA" xR _%

0w xA°)=0
Without polarization:

olB=AlR,
oxE-wB=-P[R,; +cAxXR,
DEG(:)XA):O

27



Resonance Equation
of Scalar Torsion Field

With polarization:

ol

el SER
x
Without polarization:
oT°
+T° =cR
o 2
Physical units:
b=
m
1
IRl =~

m

28



Equations of the Free
Electromagnetic Field/Photon

Field equations:L1[B =0 Cuy, = CK

DxE+a—B:O K = wavenumber
ot =K
UE=0 K = wavevector
DXB—%B—Ez P =7K =7
_ _ ¢ ot P = momentum
Spin equations: @ [B =0
E=hw=hw,

QFs Gt E = energy
oE=0

w = timefrequency

(x)><B+C—12a)OE=O

29



Beltrami Solutions of the
Free Electromagnetic Field

Field equations: =
q UIB=0 Boundary conditions for

0B quasi-static free field:
[IXE+—=0
ot g = L i) = Lt
JE=0 : b :
wave numbe:
1 OE
[UxB-—-—=0 w 27Tt
c” ot K=—=
Beltrami equation$ ] x B = kB
EI}XE = kE
OxA =kA
[IX® =KO

[IxJ =kJ




Properties of ECE Equations

The ECE equations in potential representation
define a well-defined eguation system (8 equations
with 8 unknows), can be reduced by antisymmetry
conditions and additional constraints

There i1Is much more structure in ECE than In
standard theory (Maxwell-Heaviside)

There I1s no gauge freedom in ECE theory

In potential representation, the Gauss and Faraday
law do not make sense In standard theory (see red
fields)

Resonance structures (self-enforcing oscillations)
are possible in Coulomb and Ampere-Maxwell law

31



Examples of Vector Spin Connection

Vector spin connection w represents rotation of plane of A potential

linear coil: toroidal coil: W

w=0 w = const

A 32



ECE Field Equations of Dynamics

lh=4nGp, . =0 (Equivalenbf Gausd.aw)
[Ixg +£ o - 47 J.n» =0 Gravito- magnetid_aw
C ot C
lg=4nGp._. Newtons Law (Poissorequation
[Ixh _109 _ 475 J (Equivalenof Ampere- Maxwell Law)

c ot c

Only Newton's Law is known in the standard model.
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ECE Field Equations of Dynamics
Alternative Form with Q

(1€ = @pmh =0 (Equivalenbf Gausd.aw)
C
[Ixg+ aa? _ g J].n =0  Gravito- magnetid_aw
[1lg=4nGp,, Newtons Law (Poissorequation
[IxQ— 12 ?9? = 47126 J. (Equivalenbf Ampere- MaxwellLaw)
C C
. . . h
Alternative gravito-magnetic field:Q2 = <

Only Newton's Law is known in the standard model.
34



Fields, Currents and Constants

Fields and Currents

g: gravity acceleration Q, h: gravito-magnetic field

Py Mass density P gravito-magn. mass density

J.: mass current -+ gravito-magn. mass current
Constants

G: Newton's gravitational constant
c: vacuum speed of light, required for correct physical units

35



Force Equations

F=mg
F=E,T

F, =movxh

oL

M =_"—
ot

-O@xL

NewtonianForce Law
TorsionalForcelLaw
LorentzForceLaw

TorquelLaw

Physical quantities and units

F [N]

M [Nm]

T [1/m]

g, h [m/g]
m [kg]

v [m/s]
E,=mc? [J]
O [1/s]

L [NmS]

Force

Torque

Torsion
Acceleration

Mass

Mass velocity

Rest energy
Rotation axis vector
Angular momentum

36



Field-Potential Relations

g:—aa—?—DCD—a)oQﬂoCD
h

Q=—=0xQ-0xQ
C

Potentials and Spin Connections

Q=cqg: Vector potential

®: Scalar potential

®: Vector spin connection
®,. Scalar spin connection

37



Physical Units

Fields Potentials Spin Connections Constants
@=m="  @=T  w=l @
1
Q)= Q=7 [lel=g
Mass Density/Current _Gravito-magnetic* Density/Curren
(.= 3 PR
[3,7= [l =3

M S m-s 38



Antisymmetry Conditions of
ECE Field Equations of Dynamics

Relationdor
classicabhndECEPotenitals

DCD:aQ

ot

Q __9
0X, 0X,

0Q __0Q
0% 0%
0Q, __9Q,

0X, 0X,

Relationdor
spinconnectios:
Q = -od

wQ, = —6,Q,
WQ; =~
w,Q; = —wQ,

39



Properties of ECE Equations of
Dynamics

Fully analogous to electrodynamic case
Only the Newton law is known in classical mechanics

Gravito-magnetic law is known experimentally (ESA
experiment)

There are two acceleration fields g and h, but only g is
known today

h is an angular momentum field and measured in m/s?
(units chosen the same as for g)

Mechanical spin connection resonance is possible as in
electromagnetic case

Gravito-magnetic current occurs only in case of coupling
between translational and rotational motion

40



Examples of ECE Dynamics

Realisation of gravito-magnetic field h Detection of h field by
by a rotating mass cylinder mechanical Lorentz force F,
(Ampere-Maxwell law) V: velocity of mass m

K




Polarization and Magnetization

Electromagnetism

P: Polarization
M: Magnetization

D=¢,E+P
C

[P]:—2
m

B=t,(H+M)

M]=2
m

Dynamics

P,: Mass polarization
m,,: mass magnetization

=00t Pn

Note: The definitions of pand m,, compared to g and h, differ from the
electrodynamic analogue concerning constants arsl un 42



Field Equations for
Polarizable/Magnetizable Matter

Electromagnetism

D: electric displacement
H: (pure) magnetic field

UIB=0

DxE+Q§:O
ot

0D =p,

DxH_a_D:

o

Dynamics

g: mechanical displacement
hy: (pure) gravito-magnetic field

Olh, =0
10h

<) = — —
D a

009 = 4nGp,.

th_lagz4nt3\]m
c ot C
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ECE Field Equations of Dynamics
IN Momentum Representation

L% = %cv,ohm =0 (Equivalenbf Gausd.aw)

[IxL +l§ = 1Vj =0 Gravito- magnetid_aw
cat 2

L = %chm = % mc Newtons Law (Poissorequation

[] XS—EZ—IE = %VJ o= %p (Equivalenof Ampere- Maxwell Law)
C

None of these Laws is known in the standard model.
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Physical Units

Fields and Currents

L. orbital angular momentun®: spin angular momentum
p: linear momentum

Py Mass density Pmpe gravito-magn. mass density
J.: mass current -+ gravito-magn. mass current
V: volume of space [A} m: mass=integral of mass density
Fields Mass Density/Current ,Gravito-magnetic”
kg Density/CurrI?nt
kg On* ] _ KQ
IL]=[S] = . [pm] — e o _ﬁ
_ kg m K . kg
[Pl =—3 [Jn] == [im] =—
Mm-S m-s 45



