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ECE Field Equations |

* Fleld equations in mathematical form notation
DAT?=R% A q°
DAT?=R% AQ"

* with
— A antisymmetric wedge product
— T2 antisymmetric torsion form
— R&,: antisymmetric curvature form

— g2 tetrad form (from coordiate transformation)
— ~! Hodge dual transformation

A I W/

[al

— 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 Is proportional to Cartan tetrad q:
Aa:A(O)qa

Electromagnetic/gravitational field is proportional
to torsion:

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



ECE Field Equations Il

* Fleld equations In tensor form
= (5 4 a = buv sav
0, F = AO(RY* = 0 T ™ )= p1o]

{ Vv a |4 av
0, F* = AO(R,“ — 06T )= 1

— F! electromagnetic field tensor, T its Hodge dual, see

later

— w: Spin connection

— J: charge current density

— J: ,homogeneous current density”, ,magnetic cL
— a,b: polarization indices

— u,v: indexes of spacetime (t,X,y,z)

Irrent”



Properties of Field Equations

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

* | only occurs If electromagnetism is
iInfluenced 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



Electromagnetic Field Tensor

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

 Cartesian components are E,=E* etc.

Fe =

Fer =

FOO
FlO
FZO
F30

0
cB*
cB®
cB®

FOl
Fll
F21
F31

—cB!
0
—E®
E2

FO3
Fl3
F23
F33

F02
F12
F22
F32

—cB? —cB°®
ES3 —E?
0 E’

—E! 0

0 -E' -E* -FE°
E' 0 —cB® cB°
E* cB° 0 —cB'
E> —cB® cB! 0




Potential with polarization
directions

» Potential matrix: (¢© @® @?@ @®"
0 AD A® A®
0 AP AP AP

L0 A7 AT AT

 Polarization vectors:

AO Z[ AD | AD | AD | AG | A®




ECE Field Equations — Vector Form

V-B*=pu,p, =p, =0 Gauss Law
. OB° a8 - oa .
VxE +E =) =14 =0 Faraday Law of Induction
V.E* =L Coulomb Law
€y
vxB -+ % = 11,J,° Ampére- Maxwell Law

¢t ot

,Material* Equations

D? =g ¢,E*  Dielectric Displacement
Magnetic Induction

Ba :/urIUOHa 8



ECE Field Equations — Vector Form
without Polarization Index

V-B=p1,p,=p, =0 Gauss Law
VxE+ %—? = Lo)en = Jon =0 Faraday Law of Induction
V.E=£e Coulomb Law
o
VxB—%z—f:yoJe Ampere- M axwell Law
C

,Material* Equations

D=c¢¢,E Dielectric Displacement
Magnetic Induction

B :/ur/uOH 9



Physical Units

V
[El=— 1
m v N [@]=V [p] = S
-S
[Bl=T =—3%=
- m AAm [A]_\ﬁ m [m]:i
[Dl= 5, [HI=2 " m
m m
Charge Density/Current ,Magnetic*“ Density/Current
A - Vs
[p.]=C/m? [peh]—m— Lo ]:F
J 1=A/m*=C/(m?°s A .V
] M) 1== qig1=
m

10



Field-Potential Relations |
Full Equation Set

E° =-V®D?® - % — 0, bA” + 0% D’

B =VxA?—®% xA"

Potentials and Spin Connections

A& Vector potential
®?: scalar potential
®?,: Vector spin connection
®,%,: Scalar spin connection

Please observe the Einstein summation convention!
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ECE Field Equations in Terms of Potential |

Gauss Law :
V(0% xA”)=0
Faraday Law of Induction:

a b
V(@A) + V x (%) - 2O gtxA ) _0
Coulomb Law :
-V oA ~AD* —V (0, bA") + V- (0% D") = Pe
ot o

Ampere- Maxwell Law :
V(V-A?*)-AA?* -V x (0% xA®)

2 pQ a b a a b
. 1£8A @A) 000 d(eh® )J:%Jea

c’| ot? ot ot ot
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Antisymmetry Conditions of
ECE Field Equations |

Electric OA? .

b b
antisymmetry constraints: VO© — — @, bA" — o0 d” =0
Magnetic OA%:  OA%,
antisymmetry + + 0% 2 A% + 0% 3A"2 =0
constraints: X, 0%

0A%;  O0A"™
~ Tt %6 1A%s + 0% 3 A’ =0
X X3
0A%; OA™
Tt @6 1A%2 + @% 2 A’ =0
X X
1 2
Or simplified

. . b
Lindstrom constraint (not exact): VXA +mo xA’ =0

13



Field-Potential Relations I
One Polarization only

E:—VCD—%—?—@OAHDCD

B=VxA-o0xA

Potentials and Spin Connections

A: Vector potential
®: scalar potential
®: Vector spin connection
®,. Scalar spin connection

14



ECE Field Equations in Terms of Potential Il

Gauss Law :

V-(oxA)=0

Faraday Law of Induction:

O(mxA)
o

0

—Vx(0,A)+V x (D) -

Coulomb Law :

—V-%—ACD—V-(@OA)+V-((0CD):&
ot o

Ampere- Maxwell Law :
VIV-A)-AA-Vx(oxA)

2
C12 [a A (@A) 0P _ 8(&)(1))] L

T 2
ot ot ot o

15



Antisymmetry Conditions of
ECE Field Equations |l

Electric antisymmetry constraints: Magnetic antisymmetry constraints:

OA A3 oA,
VO -———a0,A—0D =0 +o. A +w.A. =0
ot oX, ax ’ P

B A A+ w,A =0

ox,  OX,
0
aAz 8Al+a)1A2+a)2Al=O
Or simplified % X2
Lindstrom constraint (not exact): VxA+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

W A = (y)CD——(—a—A+VCD)
’ ot

Thusspinconnections can be calculated from the potentials:

O = L (—6A+VCD)

20 ot

() 1 oA
A 2A2( ot )

Denominators have to be given attention:
A=0
® =0

17



Alternative |. ECE Field Equations with
Alternative Current Definitions (a)

Standard ECE definition of currents (M axwell - like) :
aﬂlfauv _ A(O)(ﬁa#ﬂv_a)aﬂb-i:byV) = 1, jav

8ﬂ|:a,uv _ A(O)(Raﬂﬂv —a)aﬂbT bW) _- /UoJ av

Alternative definition (covariant derivative maintained) :
D,E =0, F%" + o wF ™" = AOR®, = 110 ],

D, F*" =0, F¥ +w®wF™" = APRY " = 11y ,*"

18



Alternative |: ECE Field Equations with
Alternative Current Definitions (b)

V-B%=t,ppn = Ppen =0 Gauss Law
V x E? +dd£t = lojar = Jan =0 Faraday Law of Induction
V.E? = Pre Coulomb Law

€0

1 dE? . \

VxB® —— ~ = UyJ 5 Ampere- Maxwell Law

C
with
i=Q+V-V
dt ot

v is relative velocity between observer and detector

(http: /mww.angelfire.com/sc3/elmag files/phipps/phippsd.pdf) 19



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

Coulomb Laws: Peo Jeo: NOrmal charge density
oA  Peo and current
_V'E_ACD g Per» Je1: “cold® charge density

and current

—V - (0,A)+V - (0®) = Pes
€0

Ampere- Maxwell Laws :

1(0°A L)
V((V-A)—AA+ +V—|=u.J
(V-A) 02[8’[2 8tj Hoveo

[8(0)0A) _ J(0d)
ot ot

—Vx(mxA)+ 12

= lyJ
C j:qul

20



Field-Potential Relations ll|
Linearized Equations

E:—VCD—%+(DE
ot

B=VxA+o;

Potentials and Spin Connections

A: Vector potential

®: scalar potential

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

21



ECE Field Equations in Terms of Potential Il

Gauss Law :

V.o, =0

Faraday Law of Induction:

Vxo, + 8018 =0

Coulomb Law :

v A AD+V., =L
ot o

Ampere- Maxwell Law :
V(V-A)-AA+V xan,

1(0°A ob Oo
+ +V———5 | = p,J
cz(@t2 ot 8tj Hove

22



Antisymmetry Conditions of
ECE Field Equations Il

Define additional vectors O = —((!) E1 (052)

O, Oy, Vg, Ops. ( )
O, =\, — 0
B B1 B2

OA

Electric antisymmetry constraints: V@ — = +O, +o, =0
(oA, oA,
OX,  OX,
Magnetic antisymmetry constraints: 6A1 + 8A3 + 0y + O, = 0
OX;  OX;
oA, oA
k@xl 8X2 )

23



Curvature Vectors

Orbital curvature (electric field) :

om°p

: 1
R.% = R%(orbital) = (—Va)oab —?—a)oac(y)cb +a)ocb(0acj
C

without polarisation :

R. =R(orbital) = %(—Va)o —%—?j
Spin curvature (magnetic field) :

R.% = R%(spin) = Vx o — 0% x0%
without polarisation : Units:

Rz =R(spin) =Vx® [REab]:[RBab]:%

24



Geometrical Definition of Electric
Charge/Current Densities

With polarization:
Charge density :

pPe = go(wab E”—cA’- REab)
Electric current :

1 1

J." = g,w, vE +—(mab x B —Ecpb R —A°x R;‘bj
Y7

Without polarization: ’

Charge density :
p. = &0 E-cA-R¢)
Electric current :

J. zgoa)oE+i(coxB—ECD-RE — Ax RBj

Ho C

25



Geometrical Definition of Magnetic
Charge/Current Densities

With polarization:

Homogeneouss charge density :
P =% -B° —A"-R.%

Homogeneous current :

J,. "= —w,"sB° —0% xE” + ®"-R % +cA° xR %

Without polarization:

Homogeneous charge density :

P =®-B—A-R;

Homogeneous current :

Jo =—0B-oxE+dD-R; +cAxR_

e

26



Additional Field Equations due to
Vanishing Homogeneous Currents

With polarization:
0% -B"=A"-R.%
0% xE’ —@,"sB* =—®"-R ;% +cA° xR_ %

V-(O)ab XAb)=0

Without polarization:
o-B=A-R;
oxE-oB=-®-R; +cAxR;
V- (oxA)=0

27



Resonance Equation
of Scalar Torsion Field

With polarization:

a0
o + @, T "0 — cR?®

Without polarization:

%0 +w,T° =CR

Physical units:
[T°]=

m
1
m?

s

[R]=

28



Axioms of ECE2

Alternative, curvature-based definitions

— Compatible to torsion-based axioms

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

Electromagnetic/gravitational field is proportional
to torsion and curvature 2-forms:

Fa=AOTa Fa =WOR2
a, b: indices of tangent space, can be removed

A, WO): constants with physical dimensions,
[AO]=T*m=V*s/m, [W®]=V*s

29



Electromagnetic Fields of ECE?2

Orbital curvature (electric field) :
E*% =cW OR_ % =cW PR (orbital)
with polarisation removed :
E=cW PR, =cW “R(orbital)

Spin curvature (magnetic field) :
B% =W PR % =W @R (spin)
with polarisation removed :
B=WPR, =W “R(spin)

Curvature vectors are defined as in slide 24.
Charge/current densities are defined as in slides 25/26.

30



Geometrical Definition of Electric
Charge/Current Densities In ECE?2

With polarization:
Charge density :

a a 1 a
ol =50(c0 b'Eb—W(O) A°-E bj

Electric current :
1 1 1
Jea = an)oabEb + — (!)ab X Bb —2—(0)cDbEab — 0
L, c’W w @

Ab X Babj
Without polarization:
Charge density:
1
Pe = ZEO(WA—(!))' E

Electric current :

J. =2| —¢,0,E+ 1 21(0) CDE+( 10 A—(oij
Ly \ C°W w @

31



Geometrical Definition of Magnetic
Charge/Current Densities In ECE?2

With polarization: _
Homogeneous charge density .

1

b a
W(O)A -B%

a b
Pen :(’Oab'B o

Homogeneous current :

1 1

ar_ - anb bpa  .a b b a
Jy =—w, B +W(O)CDBb o’y xE +W(O)A x E%p

Without polarization:
Homogeneouss charge density :

, 1
Pen :2(\/\/(0) A_(’)j'B

Homogeneous current :

Jg'= ZK% —Wl(o) CD)B +(c) —Wl(o) ij E}




ECEZ2 Field Equations —
Vector Form

V-B*=pu,p, =p, =0 Gauss Law
. OB° a8 - oa .
VxE +E =) =14 =0 Faraday Law of Induction
V.E* =L Coulomb Law
€y
vxB -+ % = 11,J,° Ampére- Maxwell Law

¢t ot

Currents as defined in preceding slides

33



ECEZ2 Field Equations — Vector
Form with Wave Vectors

V-B=k-B=p, =0 Gauss Law
VxE+ %—? = —(cx,B+xxE)=j,' =0 Faraday Law of Induction
V.E=k-E=%¢ Coulomb Law

o

VxB-— 12 é;ltE e E+xxB=_yxJ, Ampere-Maxwell Law
C C

with

2( 1
K, :E(W ) (D—a)oj

K=2( 1(0) A—mj
W 34




Field Equations without
Magnetic Currents

V-B=0 Gauss Law

oB :
VxE+ ~ =0 Faraday Law of Induction
V.-E=k-E Coulomb Law
VXB—%%—TZKXB Ampere- Maxwell Law

C
with

1
K= Z(W(O) A—(oj

k1B, x|E x,=0

35



ECE2 Fields In Terms of
Potentials

E= —VCD—%—?+2(a)OA—CDm)

B=VxA+20xA

Maxwell form with W potentials:

 —va, W
ot

B=VxW

with

@, =W P, =cW,
W =W g

36



Equations of the Free
Electromagnetic Field/Photon

Field equations:

Spin equations:

V-B=0

VxE+Q§:0
ot

V-E=0

VxB—ia—E:O

c® ot
ow-B=0
OxE-w,B=0
o-E=0

1

(0><B+—2a)OE=0
C

o

@, =CK

K = wave number

K

()

K = Wwave vector
P=7K=7/®

P = momentum
E=hw="o,

E =energy

@ = time frequency

37



Beltrami Solutions of the
Free Electromagnetic Field

Field equations: B =
q V-B=0 Boundary conditions for

oB quasi-static free field:
VxE+—=0
ot B=20yx] =20
V-E=0 K b K
wave number:
VxB-— %E =0 w 2rf
c” ot K=—=
Beltrami equations:V x B = kB
VxE=«xE
VxA=rA
VX =Ko

VxJ=xd




Properties of ECE Equations

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

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

There is no gauge freedom in ECE theory

In representation by the potential, 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

39



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




ECE Field Equations of Dynamics

V-h=4rGp_ , =0 (Equivalent of Gauss Law)
Vxg+ lon &8 J.n =0  Gravito- magnetic Law
c ot C
V.-g=4rGp, Newton's Law (Poisson equation)
Vxh- 199 _ 4G J (Equivalent of Ampere- Maxwell Law)

Only Newton‘s Law is known in the standard model.

41



ECE Field Equations of Dynamics
Alternative Form with Q

V-Q= hcdac) O =0 (Equivalent of Gauss Law)
C
Vxg+ @;tz _ S J., =0  Gravito- magnetic Law
C
V.g=4rGp, Newton's Law (Poisson equation)
109 4nG

VxQ-— J (Equivalent of Ampere-Maxwell Law)

2ot ¢ "

; ] . h
Alternative gravito-magnetic field: €2 = P

Only Newton‘s Law is known 1n the standard model.
42



Fields, Currents and Constants

Fields and Currents

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

pm: Mass density P gravito-magn. mass density

J.,: mass current Jmpe Qravito-magn. mass current
Constants

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

43



Force Equations

F=mg Newtonian Force Law
F=ET Torsional Force Law
F. =mcvxh Lorentz Force Law
oL
M=—-0OxL Torque Law
ot
Physical quantities and units
F [N] Force
M [Nm] Torque
T [1/m] Torsion
g, h [m/s?] Acceleration
m [kg] Mass
Vv [m/s] Mass velocity
E,=mc? [J] Rest energy
O [1/s] Rotation axis vector

L [Nms] Angular momentum

44



Field-Potential Relations

g :—@—V(D—COOQ-I—(D(D
ot
h
Q:E:VXQ—O)XQ

Potentials and Spin Connections

Q=cq: Vector potential

®: Scalar potential

: Vector spin connection
®,. Scalar spin connection

45



Physical Units

Fields Potentials Spin Connections Constants
@=m=" T ea=l Ee
1
(212 Q-7 fel=
Mass Density/Current Gravito-magnetic* Density/Current
[pal=-3 (Pl =3
. k
[3.1==9 [in]= m—i

m*s



Antisymmetry Conditions of
ECE Field Equations of Dynamics

Relations for Relations for
classical and ECE Potenitals: spinconnections:
v =X By ==0

ot a)le — _wle
oQ —_ 2(?2 0,Q; = —w,Q,
X, % 0,Q; = —w,Q,
o0 __ Qs
OX4 0X,
0, _ Qs

OXq OX,

a7



ECE2 Field Equations of Dynamics

472G

V-Q=x-Q=—p =0 (Gauss Law)
C
V xQ +%—? = —(cr,Q+xxQ)= @jmh =0 (Gravito- magnetic Law)
C
V.g=k-0=42Gp, Newton's Law
VxQ-— 12 ag:KOngKxQ:MZG J. (Ampere- Maxwell Law)
c-ot ¢ C
Potentials: Wave numbers:
OQ 2 A(O)
0-vo-DizoQ-0)  m gt e

Q=VxQ+20xQ K:Z( A Q_‘”J .8
w ¢



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

49



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

rotation



Polarization and Magnetization

Electromagnetism Dynamics
P: Polarization P,: mass polarization
M: Magnetization m.: mass magnetization
D=g,E+P g =go + Pn
C m
[P] = — [pm] Y
m S
_ h=h,+m
B=(H+M) o
m
A m = —
M]=2 Ml =
m

Note: The definitions of p_, and m_, compared to g and h, differ from the
electrodynamic analogue concerning constants and units.
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Field Equations for
Polarizable/Magnetizable Matter

Electromagnetism

D: electric displacement
H: (pure) magnetic field

V-B=0

VxE+§§=0
ot

V'D:pe

VxH—ngJe
ot

Dynamics

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

V-h,=0
1 oh
Vxg,+——=>=0
PP
V.-g=4xGp,,
Vxh—lég:ilﬂe\]
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ECE Field Equations of Dynamics
IN Momentum Representation

V.S= %CVth =0 (Equivalent of Gauss Law)

VxL+ 165 = 1ij =0 Gravito- magnetic Law
cot 2
1 1 , : :

V-L= > cVp, = > mc Newton's Law (Poisson equation)

VxS — l%—lt‘ = %VJm = %p (Equivalent of 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 momentum S: spin angular momentum
p: linear momentum

pp. Mass density P gravito-magn. mass density
J.: mass current Jope gravito-magn. mass current
V: volume of space [m?] m: mass=integral of mass density
Fields Mass Density/Current ,Gravito-magnetic*
kg Den5|ty/Curkrent
kg-m? _ g
[L]=[S]="2 [on]l="—3 [om] =5
S m
kg-m . K
P1==5" 0,1--2 )2
m°s m-s 54



