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ECE Field Equations |

* Field equations in mathematical form notation
DAT?=R% AQ"
DAT?=R% AQ"

o with
— A; antisymmetric wedge product
— Ta antisymmetric torsion form
— R3,: antisymmetric curvature form
— g2 tetrad form (from coordiate transformation)
— ~: Hodge dual transformation
— D operator and g 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=AO)Ta

a:. iIndex of tangent space
A©): constant with physical dimensions



ECE Field Equations Il

* Field equations in tensor form
= (5 v = buv sav
8, F* = AO(R* ™ — T ™ )= 1 j°

aluFa,uv _ A(O) [Ralu/JV _Cf)a,ubT b,uv):: ,UO\] av
* with N
— F: electromagnetic field tensor, T its Hodge dual, see
later
— W: Spin connection
— J: charge current density
— J. ,nomogeneous current density“, ,magnetic current”
— a,b: polarization indices
— M,v: indexes of spacetime (t,X,y,2)




Properties of Field Equations

e 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

e Polarization index ,a"“ can be omitted if

tangent space Is defined equal to space of
base manifold
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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°
E? 0 —cB® cB®?

FH =
E*? cB® 0 -—cB?
E° —cB® cB' 0
0 -cB" -cB* -cB®
EW B CB1 0 E3 —E2

cB* -E° 0 E'
¢cB° E* -—E! 0




Potential with polarization

directions

e Potential matrix: (¢© @®

0 AY
0 AY

e Polarization vectors:

AL —

4 Al(l)\

A

1)
A

A@ —| A®

A —




ECE Field Equations — Vector Form

V-B%=pu,p, =py =0 Gauss Law
a aBa = a = i -
VxE® + el la =l =0 Faraday Law of Induction
V.E*=Fe Coulomb Law
€9
VxB*® —iz 8; = 1yJ.” Ampeére - Maxwell Law
C

, Material® Equations

D® =¢ ¢,E*  Dielectric Displacement

B2 — ,Ur,uoHa Magnetic Induction .



ECE Field Equations — Vector Form
without Polarization Index

V-B=u,ps =P =0 Gauss Law
VxE +% = Lo)en =Jen =0 Faraday Law of Induction
V.E=£e Coulomb Law
€0
VxB—%%: Lo, Ampeére - Maxwell Law
C

, Material® Equations

D=¢¢,E Dielectric Displacement

_ Magnetic Induction
B - :ur:uOH J 9



Physical Units

Vv
[E]=— 1
m D]=V [ar]==
B]=T = V-s N S
— C— m2 A-Am :A]=!S:Tm [Q)]:i
[D]= 5, [H]== m m
m m
Charge Density/Current ,Magnetic* Density/Current
A , S
[p.]=C/m? Lpan] =7 Lpan']=—5
J 1=A/m*=C/(m°s A .V
[ e] ( ) [Jeh]_m_ [Jeh ]:_2
m 10



Field-Potential Relations |
Full Equation Set

OA?
ot
B =VxA?—m% xA"

E* =-VD° -

— a)oabAb +0%d°

Potentials and Spin Connections

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

O(m* x A”)
ot

—V x (0, 0A°) + V x (0% D) - =0

Coulomb Law :

oA —AD* -V - (0, sA°) + V - (0% D°) = Pe
ot €g

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

2 a4 a b a a b
12 8,02\ L O(@hAY) 00" O’ Ll
c°| ot ot ot ot

V.

_|_
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Antisymmetry Conditions of
ECE Field Equations |

Electric . OA® A b .
antisymmetry constraints: VO© — -, bA’ —0p®" =0
Magnetic OA%:  OA%,
antisymmetry + + 0% A%+ 0% 3A% =0
constraints: OX,  OX
0A%;  0A%
~ o 0% 1A% + 0% 3A" =0
X X3
o0A%,  O0A%
~ Tt 0% 1A°2 + 0% 2 A’ =0
X X
1 2
Or simplified . . )
Lindstrom constraint (not exact): VA "+ s xA =0

13



Field-Potential Relations Il
One Polarization only

E:—Vd)—%—?—a)oAanCD

B=VxA-oxA

Potentials and Spin Connections

A: Vector potential
®: scalar potential
: \Vector spin connection
W, Scalar spin connection

14



ECE Field Equations in Terms of Potential |l

Gauss Law :

V-(oxA)=0

Faraday Law of Induction:

O(wxA)
o

-V x(w,A)+V x (D) - 0

Coulomb Law :

V- AD-V-(0,A)+ V- (0D) = L

ot o
Ampere - Maxwell Law :
V(V-A)—AA-Vx(@xA)

2
+12 8,20\+8(a)0A)+v86D_8((oCD) .
c°\ ot ot ot ot

15



Antisymmetry Conditions of
ECE Field Equations Il

Electric antisymmetry constraints: Magnetic antisymmetry constraints:

oA
VO ———-o,A-—0® =0 aA3+8A2-|-a)2,6‘3-|-a)3,6‘2:0
X

ot OX, 0%,
0A;  OA
+—+w0,A; +w,A =0
ox,  ox, A+ oA
A, + A +o, A, +0,A =0
or simplified 0% 0%,
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

0, A = D __(_8_A +VO)
° ot

Thus spin connections can be calculated from the potentials:

0= L (—6A+VCD)
20 ot
() 1 OA
=—0-A= —+VO)-A
“o = TN B

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

17



Alternative I: ECE Field Equations with
Alternative Current Definitions (a)

Standard ECE definition of currents (Maxwell - like) :
1, F*™ = AR, - w2 T ®™) = m, j*"

1,F5 = AR ™ - w2 mT®) =m,J%"
Alternativ e definition (covariant derivative maintained ) :
Dmlgamn _ .”mlgamn FWALEP™ = AORa ™ — "

D F* =9 F* +w’nF" = APR*,"™ =:m,J,"
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Alternative |I: ECE Field Equations with
Alternative Current Definitions (b)

N a

a — — ar_
NxB® =myr,,, =Fny =0 Gauss Law

N’Ea+dB
dt

\ | a — rAea

NYxE® = Coulomb Law
90

~-5a L1 dE® _
N™ B "7 g = MyJ A

= Myjaer = Jan =0 Faraday Law of Induction

a

Ampere - Maxwell Law

with
1

d_T, K
dt 9t

v Is relative velocity between observer and detector

(http : //Iwvww.angelfire.com/sc3/elmag/files/phip ps/phipps0 1.pdf) 19



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

Coulomb Laws: Deor Jeg: NOrmMal charge density
TA _ and current

- T eo 0e1, Jeg: “cold” charge density
and current

~ Rix (g A) + R (wF) = L
eO
Ampere - Maxwell Laws:

1 ~ﬂ|:0
N(N*A) - DA J
(NxA) - + gﬂt ﬂtg = MyJ o
1aé[(WA) ﬂ(ooF)o

Ce'ﬂt it o

-N" (w0~ A)+

mO‘Jel

20



Field-Potential Relations Il
Linearized Equations

E:-NF-Eﬁ+mE
Mt
B=N"A+w,

Potentials and Spin Connections

A: Vector potential

®: scalar potential

we: Vector spin connection of electric field
wg: Vector spin connection of magnetic field

21



ECE Field Equations in Terms of Potential lll

Gauss Law :
Nxw, =0
Faraday Law of Induction:
N~ w; + 1905 _
it

Coulomb Law :
—NXM—DFH(IXQ)E =L

It €,

Ampere - Maxwell Law :
N(NxA)-DA+N~ w,
2 s
~ 0
T A )
c gt Iw Tt g 22




Antisymmetry Conditions of
ECE Field Equations Il

Define additional vectors We = —(oo
We1, Wep, Wgp, Wy

Electric antisymmetry constraints:  NF - 1%—? + W, T W, =0
A, |, TA, O
ci X, X, +

Magnetic antisymmetry constraints: gTAl + ﬂ_AB ;+ Wy, T Wy, =0
oy X
cTA, | TA -
L

23



Curvature Vectors

Orbital curvature (electricfield):

W% 0
ﬂ = OaC(L)Cb + Wocbmac I
Mt %)

a a . e - a
R:b =R b(OrbI'[c’ill)ZEQ—NW0 b =
C

without polarisation :
R, = R(orbital) = =& R, - 129
cCe Ta
Spin curvature (magnetic field) :
R.% =R%(spin) =N~ ®% - w’ ~ 0%
without polarisation : Units:

R, = R(spin) = N~ Re]1=[Re*]=

24



Geometrical Definition of Electric
Charge/Current Densities

With polarization:
Charge density :

r° = eo(ooab E° - CAbXREab)
Electric current:

1 . 1 5 o)

3,2 = e W, HE" +——80% B® - ZF xR - A® T R, 2

_ . m, e C %]
Without polarization:

Charge density :
r, = e,(wxE - cAxR_)
Electric current:

3, =ewE+— &R B-TFiR, -A"R,®

m, e C %) 25



Geometrical Definition of Magnetic
Charge/Current Densities

With polarization:
Homogeneous charge density :
r,*'=w'%B" - A" xR.%
Homogeneous current :
J,. = -, B -~ TE° +F xR % +cA” TR
Without polarization:
Homogeneous charge density :
r,' =wB-AxR;
Homogeneous current :
Jo'=-W,B-w” E+FxR;+cA” R;

26



Additional Field Equations due to
Vanishing Homogeneous Currents

With polarization:
W xB” = A’ xR%
W E° -w,sB” =-F° xR % +cA” "R %
NX(ooab - Ab):O

Without polarization:
wB =AxR;
w E-wB=-FxR;+cA” R;
Nx(w” A)=0

27



Resonance Equation
of Scalar Torsion Field

With polarization:

ﬂT a0
it

Without polarization:
L
it
Physical units:
[T°]=

m
1
m?

+ WoabT b0 = cR?®

+w,T° =cR

E

[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,
[A@]=T*m=V*s/m, [WO]=V*s

29



Electromagnetic Fields of ECE?2

Orbital curvature (electricfield):
E% =cWPR.% =cW @R (orbital)
with polarisation removed.:
E=cW?R. =cW®R(orbital)

Spin curvature (magnetic field) :
B% =W YR, % =W ©R?,(spin)
with polarisation removed:
B=WOYR, =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 ECE2

With polarization:

Charge density :
e 0
r," =e,c E’ - A’ xE? +
e og W(o) p
Electric current :
1 . 1 1 .
J." = e,w, sE° +—89mab B° - ———F°E% -—=A" B,
_ Jo m & c2aw © (0) o
Without polarization: °
Charge density :
r,= ZeogeioA - WAE
aw @
Electric current :
é le 1 1 5. o
J, =26 eME+—§ - FE+C—A- w2 B
e My gC W eW g A

31



Geometrical Definition of Magnetic
Charge/Current Densities in ECE2

With polarization: _
Homogeneous charge density:

1 b a
W(O)A xB%p

ay_ a b
r,'=w%B° -

Homogeneous current:

1 1
an_ a pb bpa a - b b~ a
Jen =W, B +W(0)FBb—(.0b E +W(0)A E"%

Without polarization:
Homogeneots chargedensity:

el 0
r,'=2 A-w=B
eh 8W (0) P
Homogeneots current:

éx 1 _¢ 1 6. U
J, =20 -—FB+&-— AL E;
h go wo 8 wo "y U

32



ECEZ2 Field Equations —
Vector Form

NxB* =m,r > =r,"'=0 Gauss Law
N a ﬂBa _ - a _ = ar _ -
N° E"+ T o) =)o =0 Faraday Law of Induction
Rrg? = e Coulomb Law
eO
N" B®- iz ﬂ; =mJ,” Ampére - Maxwell Law
C

Currents as defined in preceding slides

33



ECE2 Field Equations — Vector
Form with Wave Vectors

NxB=k*B=r,'=0 Gauss Law
¥ E+1]”—? =-(ck,B+k" E)=j, =0  Faraday Law of Induction
R+E =k E=_= Coulomb Law
eO
N B- 2 JE _Kop, p= m,J, Ampére- Maxwell Law
ccft ¢

with

_2g 1 0
k —QW(O) F - WOT

K :Zé 1(0) A- 6?2
eW 0

34



Field Equations without
Magnetic Currents

o~
~

NxB =0 Gauss Law

N E +111_|t3 =0 Faraday Law of Induction
N*E =k *E Coulomb Law

N B- 0%111_5:‘(, B Ampére- Maxwell Law
with

K= 2§W1<°) A - mg

KB, K||E, k,=0

35



ECE2 Fields in Terms of
Potentials

E=-NF- 111—/_?+2(|/|/0A- Fw)

B=N" A+2w0 A

Maxwell form with W potentials:

E:-NFW-M
qt

B=N"W

with

F., =W %, =cW,
W =W P

36



Equations of the Free
Electromagnetic Field/Photon

Field equations:

Spin equations:

~S

NxB =0

N’ E+E:O
Mt

NxE =0

N’B-%E:o
c” it

wB=0

w E-wB=0

wxE =0

W’ B+i2W0E:O
C

W, =Cck
k = wave number
K

P

W
K = wave vector
P=hk =hw
P = momentum
E =hw=hw,
E =energy
w = time frequency

37



Beltrami Solutions of the
Free Electromagnetic Field

Field equations: NxR =
q NxB =0 Boundary conditions for

~ 1B quasi-static free field:
N E+—= ~
fit B = % e %J
N*E=0 :
wave number:
NE 1 9E

Beltrami equations: |\




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 i1Is 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

A 40



ECE Field Equations of Dynamics

Nth=4pGr_, =0 (Equivalent of Gauss Law)
N g LL0n_ 4pG j.. =0  Gravito- magnetic Law
c It C
Nxg =4pGr_ Newton's Law (Poisson equation)

N' _lﬂg:4l[x3\]

ot m (Equivalent of Ampere-Maxwell Law)
C C

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

41



ECE Field Equations of Dynamics
Alternative Form with Q

R = 2PS r..=0 (Equivalent of Gauss Law)
C
N g+ ﬂﬂ? 4’06 J.n =0  Gravito-magnetic Law
C
Nxg =4pGr Newton's Law (Poisson equation)

oL 4G,
¢’ qt C

(Equivalent of Ampere-Maxwell Law)

] ] . _ h
Alternative gravito-magnetic field: Q = ’

Only Newton‘s Law Is known in the standard model.
42



Fields, Currents and Constants

Fields and Currents

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

P,. Mass density Pmp: gravito-magn. mass density

J- mass current Jmne 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=E,T Torsional Force Law
F.=mcv’ h Lorentz Force Law
L ,
M :ﬂ—- © L Torque Law
it

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

© [1/5] Rotation axis vector

L [Nms] Angular momentum

44



Field-Potential Relations

gz-%%-NF-mQ+wF

Q:D:N’Q-w’Q
C

Potentials and Spin Connections

Q=cq: Vector potential

®: Scalar potential

w: Vector spin connection
W,: Scalar spin connection

45



Physical Units

Fields Potentials Spin Connections Constants
m m’ 1 m’
= = = i Gl=
[g] [h] 32 [I:] 82 [WO] S [ ] kgSZ
1 m 1
Ql== = [w] = —
[Q] = - [Q1=" n

Mass Density/Current

k
[r]=—2
k
[3,]=—
M-S

, Gravito-magnetic* Density/Current

_ ko
[rmh]_F
| K
[,]=—

M-S
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Antisymmetry Conditions of
ECE Field Equations of Dynamics

Relations for Relations for
classical and ECE Potenitals: spin connections :
RIE = 1Q w,Q =- wk

1t mQ, =- w,Q,
Q. —_ 1o, mQ; = - WLQ,
1, 1 w,Q; = - W;Q,
10, _ 1,
11, X
10, _ 1Q,

X 11X

a7



ECE2 Field Equations of Dynamics

NxQ:KxQ:ﬁrmh:O (GaussLaw)
C
N g +1LI—? =- (ck,Q+K’ g):ﬁjmh =0 (Gravito- magneticLaw)
C
Nxg=kxg=4pGr_ Newton's Law
N Q- 12 g _ K g+K Q= 4’026 J_ (Ampére- MaxwellLaw)
cft c C
Potentials: Wave numbers:
_ e 19 _ep e o g
g_-NF-W-l_Z(WOQ- F(k)) ko ng(O)CF WOE
=N~ g A© 0
Q=N Q+2w" Q KZZEW(O)CQ-OO% 48



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) Vv: velocity of mass m

e




Polarization and Magnetization

Electromagnetism

P: Polarization
M: Magnetization

D=¢,E+P
C
[Pl=—

m
B=m,(H+M)
A
[M]=—

m

Dynamics

P,: mass polarization
m,,: mass magnetization

=00 % Py

Note: The definitions of p,, and m_,, compared to g and h, differ from the
electrodynamic analogue concerning constants and units. 51



Field Equations for
Polarizable/Magnetizable Matter

Electromagnetism Dynamics
D: electric displacement g: mechanical displacement
H: (pure) magnetic field ho: (pure) gravito-magnetic field
N:B =0 Nxho =0
N'E+E: N'g0+1m:
It c It
NxD=r, Nxg =4pGr_
RoH- 1Py R h- 21946 5
it c It C
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ECE Field Equations of Dynamics
IN Momentum Representation

N*S = %ch =0 (Equivalent of Gauss Law)

N L +EE = 1ij =0 Gravito - magnetic Law
cft 2

N:L = %chm :%mc Newton's Law (Poisson equation)

N S- y%—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

P,,: Mass density Pme gravito-magn. mass density
J: mass current Jne gravito-magn. mass current
V: volume of space [m?] m: mass=integral of mass density
Fields Mass Density/Current , Gravito-magnetic”
kg DenS|ty/Curl£ent
kg *m? — _ 9
L]=[S] = [ra]l=— r
[L]=1[S] - md T3 L7 e = 3
_ kg ‘m k . kg
[P1= [3,==3 THERS

m2s m<s 54



