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ECE Field Equations

* Field equations in tensor form
1
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o With
— F: electromagnetic field tensor, F its Hodge dual, see
later
— J: charge current density
— J: ,nomogeneous current density“, ,magnetic current”
— a. polarization index
— M,V: Indexes of spacetime (t,Xx,y,2)



Properties of Field Equations

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

| only occurs If electromagnetism Is
Influenced by gravitation, otherwise =0

e Polarization index ,a“ can be omitted if

tangent space Is defined equal to space of
base manifold (assumed from now on)



Electromagnetic Field Tensor

 F and F~ are antisymmetric tensors, related to
vector components of electromagnetic fields
(polarization index omitted)
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Potential with polarization

directions

e Potential matrix: (¢©@ ¢®
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oA

e Polarization vectors:
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ECE Field Equations — Vector Form

OB =y,p.,. =p, '=0 Gausd.aw
OxE®* + a; = lyj. =j. =0 Faradayaw of Induction
e =Le CoulombLaw
EO
[xB?® —iz aaEt = ,J." Ampére- Maxwell Law
C

,Material“ Equations

D? = £ EOEa Dielectric Displacement

B2 = ,ur,uoHa Magnetic Induction



Physical Units
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Field-Potential Relations |
Full Equation Set

0A?2
ot
B2 =[OxA*-®% xAP

E? =-p? - — C()OabAb + D"

Potentials and Spin Connections

A2 Vector potential
®?2; scalar potential
w?a: Vector spin connection
Wed,: Scalar spin connection

Please observe the Einstein summation convention! g



ECE Field Equations in Terms of Potential |

Gaus Law:
0w xA%) =0
Faraday_aw of Induction:

a b
—Dx(a)oabAb)+Dx((!)abCDb)_a(w thA ) =0

CoulombLaw:

-0 aai—Aq:a -0 bA°) + 0 Qo pd°) = Pe
ot €o
Ampere- MaxwellLaw:

OO MR -AA? —Ox (0% xAP)
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Antisymmetry Conditions of
ECE Field Equations |

Electric

antisymmetry constraints:

Magnetic
antisymmetry
constraints:

Or simplified

Lindstrom constraint;

Op? — 2 = a)OabAb -0%P° =0
ot
0A’s + 0A> +a)ab,2Ab3 +C()ab,3Ab2 =0
X, 0%,
0A’s + OA™ +a)ab,1Ab3 +C<)ab,3Ab1 =0
ox,  0X,
dpid Gl W1 A% + WP, A’ =0
ox, 0X%,

OxA*+®% xA°=0
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Field-Potential Relations Il
One Polarization only

E:—DCD—%—?—C«)OA +O®

B=UxA-®oxA

Potentials and Spin Connections

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

Gausd.aw:

O{oxA)=0

Faraday.aw of Induction:

d(@XxA) _ 0

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

CoulombLaw:

—DG%—?—AGD—DEQ%AHDEQOJGD) =P
0
Ampere- MaxwellLaw:

O(ORA) -AA —Ox(0xA)

2
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2| at ot ot ot
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ECE Field Equations in Terms of Potential
with “cold” currents Il

CoulomkLaw:

_DE?A—ACD:'OGO
ot £,

Peo ko NOrmal charge densi
and current

P Ly “Ccold” charge density
and current

- 0QwA) +0Qod) = L2

0

Ampere- MaxwellLaw:

1(0°A 6(13
(L LA) —AA
(OLA) + Z(Gtz at]
i (a(woA) 0(0P)
o5 ot ot
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Antisymmetry Conditions of
ECE Field Equations |l

Electric antisymmetry constraints: Magnetic antisymmetnstraints:

10-22 _ga-e0=0 AL % atwA =0

ot 0X, 0
N
=0
o TR @A
0A,  0A
+—1 4 + =10
o TR @A
or: [IxA+0xA =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. 14



Field-Potential Relations Il
Linearized Equations

E:—D¢—@6+mE
ot
B=0UxA+m,

Potentials and Spin Connections

A: Vector potential

®: scalar potential

w¢: Vector spin connection of electric field
wg: Vector spin connection of magnetic field
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ECE Field Equations in Terms of Potential Il

Gaus Law:
[l =0
Faraday.aw of Induction:

DXwE+awB:O
ot

CoulombLaw:

02 _po+0Om, =2
ot &,

Ampere- MaxwellLaw:

(OA) -AA + O x o,

1(0°A _0P O
+ + [ ——E|=ul
cz[at2 ot atj Hose
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Antisymmetry Conditions of
ECE Field Equations Il

Define additional vectors O = —(0) E1 (DEZ)

Weq, WeHy, Wgq, Wpo. —
ewr Wez Wgp, Wpy (‘)B_—((‘)Bl_(DBZ)

0A

Electric antisymmetry constraints: LI® ———+ o, T ®., =0

ot
(0A,  0A,

0X, 0X,

Magnetic antisymmetry constraintg: 0A i A,
0%, 0%
0A, . 0A
L 0X,  0X, )

g tog, =0
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Properties of ECE Equations

The ECE equations in potential representation
define a well-defined equation system (8
equations with 8 unknows)

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

There Is 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
osclillations) are possible in Coulomb and
Ampere-Maxwell law

18



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 19



ECE Field Equations of Dynamics

lh=4nGp,_ =0 (Equivalenbf Gausd.aw)
[Ixg +l oh _ gl J.n =0 Gravito- magnetid_aw
C ot C
L9 =4nGp,, NewtonsLaw (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€ = o Pon =0 (Equivalenbf Gausd.aw)
C
[Ixg+ aa? _ 81 J.n=0  Gravito- magnetid_aw
L9 =4nGp,, NewtonsLaw (Poissorequation)
[IxQ— L 99 SRS J (Equivalenbf Ampere- MaxwellLaw)

ccot ¢* "

: i o h
Alternative gravito-magnetic field: € = <

Only Newton‘s Law is known in the standard model.
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Fields, Currents and Constants

Fields and Currents

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

Py Mass density Pmne 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 physicalau
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Force Equations

F=mg
F=E,T

F. =maovxh

oL

M="—
ot

-OxL

NewtonianForce Law
TorsionalForceLaw
LorentzForceLaw

TorgueLaw
Q)

Physical quantities and units

F [N]

M [Nm]

T [1/m]

g, h [m/3]
m [kg]

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

L [Nms]

Force

Torque

Torsion
Acceleration

Mass

Mass velocity

Rest energy
Rotation axis vector
Angular momentum
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Field-Potential Relations

g:—aa—?—DCD—a)OQ+mCD
h

Q=—=[0xQ-0xQ
C

Potentials and Spin Connections

Q=cqg: Vector potential

®: Scalar potential

w: Vector spin connection
w,: Scalar spin connection
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Physical Units

Fields Potentials Spin Connections Constants
@=m=" ©@=T =l @
(2]= Q=" lel=

Mass Density/Current _Gravito-magnetic® Density/Curre  nt
[o,1=-3 )= 3
[3,] =X (Al

Mm°s m-S
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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:
@WQ =-0®

lez = _wle
WQ; =~
w,Q; = —wQ,
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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 Q)

Mechanical spin connection resonance is possible as in
electromagnetic case

Gravito-magnetic current occurs only in case of coupling
between translational and rotational motion
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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 Dynamics
P: Polarization p,: mass polarization
M: Magnetization m_,: mass magnetization
D=¢,E+P g=0ot Pn
C .
[P] — — [ pm] o ?
m
B=/(H +M) s,
m
A =
M] == i
Im

Note: The definitions of pand m , compared to g and h, differ from the
electrodynamic analogue concerning constants and units. 29



Field Equations for
Polarizable/Magnetizable Matter

Electromagnetism

D: electric displacement
H: (pure) magnetic field

OB=0

DXE+Q§:O
ot

O = p,

DXH—QB:Je
ot

Dynamics

dp: mechanical displacement
h,: (pure) gravito-magnetic field

[Jlh, =0
10h
Ll p=—_4 =10
SO
1(g = 47Gp,
DXh—lag :476\]

Cc Ot w
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ECE Field Equations of Dynamics
IN Momentum Representation

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

[IxL +l§ s ], =0 Gravito- magnetid_aw
cot 2

O = %chm = % mc NewtonsLaw (Poissorequation)

[] XS_E%_IE = %VJ = %p (Equivalenbf Ampere- MaxwellLaw)
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

P Mass density P 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/Currlc(ent
kg [Mm? — _ KO
L]=[S] = [0n] =—3 Ll =—
S m
kg [In _ k
[|O]=—gS [J ]= k2 [j = ?
m-s m-s 32



