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The purpose of this work is to raise the
understanding and vibration of current
human collective.

Let it seep into your consciousness.
Analyse it. Dissect it. Look at it carefully
and then put it back together again.

Reread, contemplate, pray, discern and
only accept those thought forms that
resonate with your inner heart leaving
behind those that do not resonate with it.

Freewill is your privilege and your
responsibility. Use it in wisdom!
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Executive Summary

There exists a fundamental law of duality between electricity and magnetism. The law
reveals itself by the systematic study and analysis of already known quantities and
equations. One of the key reasons that deprived humanity from discovering such a
fundamental law is the heavy usage of usual Vector algebra, which is omnipresent in
science and lacks many necessary geometrical concepts and perennially thwarts

realisation of the true nature of reality.

The analysis discovers unknown quantities such as an electric potential and a voltage
area density which are the dual of electric charge and current area density, respectively. In
addition, the analysis unravels the mystery of the perennial myth that electric and
magnetic fields can only be perpendicular i.e. there is only a perpendicular interaction
between electric and magnetic fields. The analysis shows that there also exists a parallel
interaction between electric and magnetic fields. The well known Gauss Law and Faraday
Law, which have been attributed to perpendicular interaction, in actuality pertain to

parallel interaction.

Furthermore, it is shown that the electric and magnetic fields can have velocities faster
than light, bringing in aspects of general relativity. The fields rotate/spin with different
cycles in various interactions and are primary quantities. The electric potential and charge

are nothing more than spinning spacetime structures.

In addition, it is shown that the length measurement and hence the speed of light is
affected by the electric and magnetic fields which makes it almost impossible to correctly
measure the speed of light with currently used methods. The vector velocities of two
interacting fields result in a ubiquitous scalar speed of light which is Lorentz invariant and

the rotational/ spinning component.

Furthermore, it is shown that the power density and the energy density inherently
represent the same concept, but the power density is due to the perpendicular interaction
while the energy density is due to the parallel interaction. The energy density is not a

scalar quantity or Lorentz invariant in the truest sense of the word.
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In addition, it is shown that there is an unaccounted power density, firstly due to the
newly discovered voltage area density and secondly due to the orthogonal complement

or dual space.

Furthermore, it is shown that there exists a fourth space dimension for equations of
transformation i.e. equation of unipolar induction and equation of convention, to be valid

at the same time.

In addition, it is shown that there are additional unaccounted power terms, which are

always present in reality irrespective of our view.

These are the key reasons that the prevalent theory of electromagnetism cannot
corroborated with free energy devices and many experimental results and continues to

plague human collective consciousness.
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1. Law of Duality

Table 1.1
Duality
Electricity Magnetism
V.E = P \% A
Coulomb law = — Gauss law V-H=0 —
€0 m2 m2
oB 4 Ampére- 1 OE Vs
Faraday law VXE+ E =0 ﬁ Maxwell law VxB - 2o - Hod ﬁ

The duality of the Faraday and Ampere-Maxwell law reveals itself when the dual entities,

i.e. electric field and magnetic field strength or magnetic flux density and dielectric

displacement, are being employed in the same equation.

Table 1.2
Duality
Electricity Magnetism

Yang Male Yin Female
Positive + Negative —
North pole N South pole S
Direction of Direction of
movement N—S movement NS
Vacuum ﬁ Vacuum &
permittivity € Vm permeability Ho Am
Voltage U 1% Current 1 A
Electric field 4 Magnetic field A
strength m strength m
Magnetic flux v Dielectric A
density or _ el displacement or  _ L8
Magnetic B = poH - Electric DS 6 i
induction induction

Pe %4 A
Coulomb law V-E=— — Gauss law V-H=0 —

€0 m? m?2
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Duality
Electricity Magnetism

Vs As
Gauss law V-B=0 — Coulomb law V-D=p, —
m?3 m3

oB \%4 dre- oD A
Faraday law VXE+—=0 — Ampere VxH-—=] —
ot m2 Maxwell law ot m2

VxE 0 4 VxH oF _ J A

Sre- Vs OB As
Ampere VxB —/402 = pod —_— Faraday law VXD+¢— =0 —_
Maxwell law ot m3 ot m3
_Adb Vs As
BSOS — VxD+i2E=0 —

m3 c? at m3

The vacuum permittivity €, converts the electricity into magnetism and vacuum

permeability 4, converts the magnetism into electricity. Thus Coulomb law and Gauss law

keep shuffling between two aspects depending on which aspect is represented in the

equation.

Coulomb law:

M V-E=£
€0

@ V-D=p,

Gauss law:

@ V-H=0

4 V-B=0

Faraday law:

oB
6 VXE+—=0

ot

oH

6 VXE+u,— =0
(©) ﬂo@t

[1.1]

[1.2]

[1.3]

[1.4]

[1.5]

[1.6]
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0B
7) VxXD+4+e—=0 [1.7]
ot
1 oH
8 VXD+——=0 [1.8]
c? ot
Ampere-Maxwell law:
oD
Q@ VXH-——=] [1.9]
ot
(100 VxB L ok J [1.10]
2 ar #o '
oE
(1) VXH-—-¢—=1] [1.11]
ot
oD
(12) VXB — pug— = pyJ [1.12]
dt
Unipolar induction by Faraday is expressed by
13) E=vXxB [1.13]
where Vv is a velocity of a moving frame or relative velocity between frames.
The dual of equation[1.13] is the equation of convection expressed by
(14 H=-vxD [1.14]

The equations [1.13] and [1.14] together are called equations of transformation. The

equations of transformation operate simultaneously.

Maxwell’s equations can be derived from the equation of unipolar induction and the

equation of convection.
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Table 1.3
Duality
Electricity Magnetism
Vacuum As Vacuum Vs
permittivity € Vi permeability Ho Am
Voltage U \% Current 1 A
Electric field \4 Magnetic field o A
strength m strength m
Magnetic flux v Dielectric A
density or _ ys displacement or _ a8
Magnetic B = pH m2 Electric D =&k m2
induction induction
Unipolar _ v Equation of _ é
induction E=vxB m convection H=-vXxD m
Applying the curl on the equation of convection [1.14] gives
150 VXH=-Vx(vxD) [1.15]
According to Vector algebra
(16) VxBxC)=B(V-CO)—-C(V:-B)+(C-V)B-B-V)C [1.16]
Therefore
17) VX XD)=v(V-D)=D(V-v)+(D-V)v—(v-V)D [1.17]
(18) VX(VXD)=v(V-D)=D(V-v)+D-(Vv)—(v-V)D [1.18]
(199 VXH=— (v(V-D)=D(V-v)+D:(Vv)—(v-V)D) [1.19]

In Vector algebra, the gradient is usually introduced as a vector not as a tensor (1 form) as

the components of space coordinates do not change when you convert a vector to a

tensor in a Cartesian coordinate system. Hence, the dot product of a gradient vector with

another vector still produces a scalar. However, this little maneuver of avoiding the

concept of tensor in Vector algebra not only violates the fundamental property of dot
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product, i.e. makes the dot product being non commutative which unnecessarily creates
confusion, but also has a few side effects, for example the gradient of the velocity Vv

cannot be defined in the Vector algebra.

200 V-v#v-V [1.20]
dv, 0y, 0,

1) V.v= + + [1.21]
ox dy 0z

In accordance with special relativity, we have to assume that v is a constant. Therefore

ov,
=0
ox
8vy
22 —— =0 [1.22]
ay
ov
—*=0
0z

On substituting equation [1.22] in equation [1.21] gives
@23 V-v=0 [1.23]

The dot product v - V is defined as a directional derivative in the direction of v and is a

vector operator.

According to Vector algebra, written in matrix form:

24) A-B=ATB [1.24]

Therefore

@5 v-V=vIV [1.25]
T _ |ox 9y oz

26) vl = [E’E’E] [1.26]

anil@anilgoel.com Proprietary and Confidential
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ox
0
27) V= £ [1.27]
9
_az_
Therefore
ox
_ |ox 9 az| |9
(28) v-V = [az = ar] 2y [1.28]
9
_a -
_0x 0 dyd 0z0
\' —_—t—— 4 —
T Ot ox ot dy ot 9z
_ 0 4 0 4 0
(29) = o o o [1.29]

To define the gradient of the velocity Vv, we must look elsewhere. The Vector algebra is
a stripped down version of Clifford algebra in three dimensions. | will expound on what

has been stripped in Vector algebra in the next chapter.

According to Clifford Algebra,
B0 Vv=V:.v+VAvV [1.30]
B1) Vv=V.v+IVXv [1.31]

In accordance with special relativity, we have to assume that v is a constant. Therefore

the curl of the velocity V x v will be zero.
32 Vv=0+10=0 [1.32]

Therefore, the gradient of the velocity Vv always vanishes.

anil@anilgoel.com Proprietary and Confidential
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We need to import the Clifford algebra identity equation [1.32] into the Vector algebra.

On substituting equation [1.23] and [1.32] in equation [1.19] gives

(33) V><H=—<V(V-D)—D(O)+D-(O)—%> [1.33]

oD
34 VxH=——v(V-D) [1.34]

We define the current area density by
35 J=-v(V-D) [1.35]

On substituting equation [1.35] in equation [1.34] gives

oD
(36) VxH=E+J [1.36]

Thus, the equation of convection and the Ampeéere-Maxwell law equation are two

expressions of same law.

It is evident from equation [1.34] (the second term on RHS) that the Coulomb law is

inherent in the equation of convection.

Applying the curl on Faraday’s unipolar induction [1.13] gives
37 VXE=VX(vxB) [1.37]

According to Vector algebra [1.16]

VX(BxC)=B(V-C)—C(V-B)+(C-V)B-(B-V)C [1.16]
Therefore
38) VX(VXB)=v(V-B)—=B(V-v)+(B-V)v—(v-V)B [1.38]
39 VX(VXB)=v(V-B)=B(V-v)+B-(Vv)—(v-V)B [1.39]
40) VXE=v(V-B)=B(V-v)+B-(Vv)—(v-V)B [1.40]
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On substituting equation [1.23] and [1.32] in equation [1.40] gives

0B
(41) Vszv(V-B)—E [1.41]
For special case [1.4]
V-B=0 [1.4]

On substituting equation [1.4] in equation [1.41] gives

oB
oB
(43) VXE+E=O [1.43]

Thus the Faraday law is a special case of Faraday’s unipolar induction unlike the Ampere-

Maxwell law.
Table 1.4
Duality
Electricity Magnetism

Unipolar v Equation of A
- PO E=vxB — quatior H=-vxD =
induction m convection m

Pe \% A
Coulomb law V-E=— — Gauss law V-H=0 —
€o m2 mZ

Vs As
Gauss law V-B=0 —_— Coulomb law V-D=p —
m3 2 m3

oB Vv Sre- oD A
Faraday law VXE+—=0 — Ampere VxH-—=1] —
ot m2 Maxwell law ot m2

\% A
VXE+py— =0 VxH—e()E:J —_—

m2 at m2

Sre- oD Vs 0B As
Ampere VXB = pog—— = HoJ — Faraday law VxD+e—=0 —
Maxwell law a1 m3 at m3
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Duality
Electricity Magnetism
1 0E
VB G Tml A vxp+ =2 _g As
m3 c2 ot m3

We know now that the magnetic monopoles do exist in the nature as observed by

Helmholtz institute and London centre of nanotechnology. The measurement of the

magnetic monopole is the real problem, not its existence.

By applying the rules of duality, we should be able to theoretically correct the Maxwell
equations as we have already seen that the dual equation of convection results in the

Ampere-Maxwell law.

The dual of an elementary electric charge e would be an ELEMENTARY MAGNETIC
POTENTIAL /.

(44) e (Ampere second) «— dual — p (Volt second) [1.44]
The dual of an electric charge g would be a MAGNETIC POTENTIAL ¢,

(45) g =ne (Ampere second) «— dual — ¢, =np (Volt second) [1.45]

where n is the number of elementary electric charge or elementary magnetic potential.

The dual of an electric charge density p, would be a MAGNETIC POTENTIAL DENSITY

As Vs
46) p, (—3) — dual — Py ( > [1.46]

m3

The dual of an electric current area density J would be a MAGNETIC VOLTAGE AREA
DENSITY V.

A
@47 J= —V(V-D)<

m?2

> <—dual—>V=V(V-B)<l> [1.47]

m2

anil@anilgoel.com Proprietary and Confidential
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The dual of the Coulomb law would be a DUAL COULOMB LAW.

p

W) V-E=2¢ qual—v.H=2 (1.48)
€0 Ho

49 V-D=p, «—dual — V- -B=p, [1.49]

The dual of the Ampere-Maxwell law would be a DUAL AMPERE-MAXWELL LAW.

oD oB
600 VXH-—=]J«—dual —- VXE+—=V [1.50]

ot ot

Table 1.5
Duality
Electricity Magnetism
Yang Male Yin Female
Positive + Negative —
North pole N South pole S
Direction of Direction of
movement N—S movement NS
Vacuum As Vacuum Vs
permittivity €0 Vm permeability Ho Am
Voltage U \% Current I A
Electric field E X Magnetic field H i
strength m strength m
Magnetic flux v Dielectric A
density or _ oy displacement or _ a8
Magnetic B = poH i Electric D =¢FE m2
induction induction
Elementary Elementary
electric charge C=As magnetic p Wb = Vs
potential
Electric charge C =As Magnetic ¢ Wb = Vs
9 g - potential p -
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Duality
Electricity Magnetism
Electric charge ﬂ M;g:ﬁgf E
density Pe m3 gensity Pp m3
Unipolar 4 Equation of A
induction =t m convection E= =Xl m
P \% Pp A
Coulomb law V.E="2¢ e Dual Coulomb V.H=-2 a
€0 m2 law Ho m2
Dual Coulomb _ Vs _ As
aw V-B=p, 3 Coulomb law V-D=p, 3
) Magnetic
Electric current A 4
area density J=-v(V-D) m2 Zjﬁi?ﬁj e V=B m2
Dual Ampere- ¢, g, 9B _y v Ampére- vxH-2 _§ A
Maxwell law ot m?2 Maxwell law ot m?2
VxE =V v VxH-e X - J A
Ara- Vs Sre- As
Ampere VXB—MOQZ}!OJ s Dual Ampere VxD+e0£=eOV a9
Maxwell law ot m3 Maxwell law ot m3
1 0E Vs As
VXB -5 ~Hd — VxD+izﬁ=eov —
m3 c2 ot m3
Special Case
\% A
Dual Gausslaw V-E =0 — Gauss law V-H=0 —
m? m2
Vs As
Gauss law V-B=0 — Dual Gausslaw | V-D =0 —
m m
Electric current A Magnetic \%
; J=0 — voltage area V=0 —
area density m?2 - m?2

anil@anilgoel.com

Proprietary and Confidential


mailto:anil@anilgoel.com

|
NS

RA-DIANT P Page 14 of 160

Duality
Electricity Magnetism
oB Vv oD A
Faraday law VXE+—=0 — Dual Faraday VxH-—=0 —
ot m? law ot m?2

As pointed out earlier, the vacuum permittivity €, converts the electricity into magnetism

and the vacuum permeability y, converts the magnetism into electricity. Thus Ampére-

Maxwell law and dual Ampere-Maxwell law keep shuffling between two aspects

depending on which aspect is represented in the equation.

On a closer inspection of the Table 1.5, it seems that the so called electric charge or
electric monopole is actually a magnetic charge or magnetic monopole.
i) This can be easily ascertained by observing the properties of the so called electric

charge.

ii) The basic units of so called electric charge e is Ampere Second (As). The ampere
is the unit associated with magnetism and the volt is the unit associated with
electricity.

i)  The so called electric charge repels another electric charge of same polarity and
attracts the positive charge (positron) with opposite polarity, which is the

fundamental characteristic of magnetic North and South poles.

The electric charge e(As) produces the so called electric current area density J (—2>
m

Similarly, the so called magnetic potential or magnetic monopole is actually an electric

potential or an electric monopole. Thus, magnetic charge e¢(As) produces magnetic

A
current area density J <—2> and electric potential p(Vs) produces electric voltage area

m
()
density V| — ).
m2

As such it doesn’t matter what an entity is called as long as we know what they really are,

but it creates unnecessary confusion and is prone to errors for example in the literature,
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A
usually area is dropped from magnetic current area density J (—2> which causes

m

confusion as density is commonly related to per unit volume not to per unit area.

In this work, we will use the correct and consistent terminology to avoid any confusion

and errors which may arise due to wrong terminologies.

Table 1.6
Duality
Electricity Magnetism
Yang Male Yin Female
Positive + Negative =
North pole N South pole S
Direction of Direction of
movement N—S movement NS
Vacuum ¢ As Vacuum Vs
permittivity 0 Vm permeability Ho Am
Voltage U \% Current I A
Electric field E v Magnetic field A
strength m strength m
Magnetic flux v Dielectric A
density or _ el displacement or  _ L8
Magnetic B = yoH i Electric D =¢FE m2
induction induction
Elementary Elementary
electric p Wb = Vs magnetic e C =As
potential charge
Electric _ Magnetic _
potential ¢l’ Wb = Vs charge q C=As
Elciztr?[ci:al P ﬁ Magnetic P ﬂ
Aansity 14 m3 charge density @ m3
Unipolar 14 Equation of A
- po? E=vxB — quatior H=-vxD —
induction m convection m
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Duality
Electricity Magnetism
P \% Pp A
Sanleis v V-E=22¢ e Dual Coulomb v . g =2 o
€9 m2 law Ho m2
Dual Coulomb _ Vs As
- V-B=p, — Coulomb law V-D=p, )
. Magnetic A
Electric voltage 4
: V=v(V:-B) — current area J=-v(V-D) i
area density m?2 density m2
ere- B \%4 dre- oD A
Dual Ampére vxE+ B v v Ampere vxH-22 _3j a
Maxwell law ot m2 Maxwell law ot m2
v VxH =22 = A
VXE+/40——V ﬁ X —6()?_,] ﬁ
Ampére- VB - 122 = o ﬁ Dual Ampére- VD42 = v ﬂ
Maxwell law t m3 Maxwell law m3
1 0E Vs 1 oH As
VXB-—— =y — VXD+—— =¢V —
c? ot m3 c? ot m3
Special Case
\% A
Dual Gausslaw | V-E =0 — Gauss law V-H=0 —
m?2 m2
Vs As
Gauss law V-B=0 — Dual Gausslaw V-D =0 —
, Vv Magnetic A
El:(a:tgzr:gltage V=0 — current area J=0 —
y m density m
oB V oD A
Faraday law VXE+—=0 — U]} FETER Y VXH-—=0 —
ot m2 law ot m2
The vector form of Ohm’s law was generalised by Gustav Kirchhoff and is
51) J=oE [1.51]
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where o (sigma) is a material-dependent parameter called the conductivity which is

generally a tensor. In most cases, ¢ is assumed to be a scalar quantity.

For vacuum
52) D=¢E [1.52]
53) J=o¢)E [1.53]

where o, is vacuum conductivity.

On substituting equation [1.52] with equation [1.53] gives

0y

54 J=—D [1.54]
€0

(55 J=w,D [1.59]

O
where , = 2 is the ANGULAR FREQUENCY OF OUTWARD SPIRALLING ELECTRIC
€o

INDUCTION in free space as observed in the skin effect in the copper cable.
The dual of the skin effect would be a contraction, a CORE EFFECT.
(56) Skin effect «— dual — Core effect [1.56]

The dual of a vacuum conductivity would be a vacuum POTENTIATIVITY.

A 1%
57) oy <—> «— dual — n, <—> [1.57]
Am

Vm

The dual of Ohm’s law [1.53] would be the DUAL OHM’S LAW i.e. ELECTRIC VOLTAGE
AREA DENSITY IS PROPORTIONAL TO THE MAGNETIC FIELD STRENGTH.

A 1%
58) J=o0yE (—2> «—dual — V =nH <—> [1.58]

m m?2
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(659 V =y,H [1.59]
60) B = pu H [1.60]

On substituting equation [1.60] in equation [1.59] gives

_ o
Ho

©1) Vv [1.61]

62 V=wB [1.62]

where w, = o , is the ANGULAR FREQUENCY OF AN INWARD SPIRALLING
Ho

MAGNETIC INDUCTION in free space, as observed in the core effect in the fibre optic

cable.

Thus, the dual of the angular frequency of an outward spiralling electric induction is the

angular frequency of an inward spiralling magnetic potential.

1 1
63) w,= % (—) —dual — w, = Mo (—) [1.63]
€0 S Ho S
00
64) w,=— [1.64]
€0
65) w,= @ [1.65]
Ho

On multiplying equation [1.64] with [1.65] gives

O,

66) w,w, = €OZ° [1.66]
oMo

(67) w,w, = c? oo [1.67]

(68) 0,0, = c? K, K, [1.68]
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where

(69) «, x 0, is the ELECTRIC WAVE NUMBER

(70) «, x 1, is the MAGNETIC WAVE NUMBER

Therefore

1

(71) 0, X —

— 2
(74) w,0, = o,

1 1
where K, <—> and @, <—> are constants.
m \

Substituting equation [1.55] in Ampere-Maxwell law gives

oD
(75 VxH=—+w,D
ot

76) VxH (aE + E)
=e | —+w
O\Noor * 7P

77) VXB oK +w E
= ¢ — 4w
oMo o »

[1.69]

[1.70]

[1.71]

[1.72]

[1.73]

[1.74]

[1.75]

[1.76]

[1.77]

[1.78]
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Substituting equation [1.62] in Faraday law gives
oB
799 VXE=-—+o,B [1.79]
ot
oH
80) VXE=- Ho| — — a)eH [1.80]
ot
JoH
(81) VxD= — €oHo a— —a)eH [181]
1 /oH
82 VXD= - ——a)eH [1.82]
c ot
Table 1.7
Duality
Electricity Magnetism
Yang Male Yin Female
Positive + Negative —
North pole N South pole S
Direction of Direction of
movement N—S movement NS
Vacuum ﬁ Vacuum ﬁ
permittivity € Vm permeability Ho Am
Vacuum A Vacuum v
conductivity % m potentivity o Am
Vacuum angular Vacuum angular
frequency for @. = % l frequency for — @ l
Electric P e 3 Magnetic g 3
induction induction
Voltage U \% Current 1 A
Electric field E X Magnetic field H i
strength m strength m
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Duality
Electricity Magnetism
Magnetic flux v Dielectric A
density or _ e displacement or y _ 48
Magnetic B = pH o Electric DS gyld -
induction induction
Elementary Elementary
electric p Wb = Vs magnetic e C =As
potential charge
Electric _ Magnetic _
potential ¢P Wb = Vs charge q C=A4s
S:t(;tr:i:i:al P ﬁ Magnetic o ﬁ
p i e
density m3 charge density m3
Unipolar 14 Equation of A
S E=vxB - L H=-vxD =
induction m convection m
P V Pp A
Coulomb law V.E==2¢ e Dual Coulomb v . g = 2 a
Dual Coulomb _ Vs As
aw V-B=p, 3 Coulomb law V-D=p, 3
. Magnetic
Electric voltage v A
: V=v(V-B) — current area J=-v(V-D) S
area density m2 density m2
Dualohms law 'V = H Ohms law J=¢,E
V=o0B J= a)pD
Sre- oB Vv ore- oD A
Dual Ampere VxE+ 2 —v v Ampere VxH-22 —J a
Maxwell law ot m2 Maxwell law ot m?2
V X _iz(;_E_”OJ Li V><D+i2— - ¢V A—i
! m ¢ m
V A
VXE=-—+0,B —_— VxH=—+a,D —
t m?2 t m?2
\% A
VXE:—/JO(%—wH) —_— VXH—SO(—+(UPE) —_—
m? e
Ve L (% ) Vs Pxp=- L () As
2\ or 7 m3 2\ o m3
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Duality

Electricity Magnetism

Special Case

\%4 A
Dual Gausslaw | V-E =0 — Gauss law V-H=0 —
m? m2
Vs As
Gauss law V-B=0 — Dual Gausslaw V-D =0 —
m3 m3
; 14 Magnetic A
:l::tgzr:/;ltage V=0 — current area J=0 —
y m density m
0B Vv oD A
Faraday law VXE+—=0 — Dual Faraday VxH-—=0 —_—
ot m? law ot m?2

The comprehensive table of duality is fully symmetric in all respect wherein
i) The Ampere changes into Volt or vice versa.
Ampere <« Volt
ii) The charge changes into potential or vice versa.
Charge «— Potential
i)  The current changes into potential or vice versa.
Current «<— Voltage

iv)  The sign change in the equations are due to the fact that the electric potential
propagates from positive potential to negative or less positive electric potential
whereas the magnetic current propagates from negative magnetic charge to
positive or less negative magnetic charge i.e. south magnetic pole to north

magnetic pole.

+ — Electric Potential — —
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N «— Magnetic Current — S

Before further analysis, we need to get the right tool for the right job or at least to know
which tools are missing from our popular mathematical tool box i.e. Vector algebra. We all
know or at least we can imagine if we haven’t experienced, what it is like to unscrew a

star headed screw with slotted screwdriver or draw a circle without a compass.
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2. Mathematical Tool Box

The original Maxwell equations were originally formulated in Quaternions algebra. The

four well known Maxwell equations in Vector algebra are actually the Maxwell-Heaviside
equations which lost lots of details and important aspects entailed in the original Maxwell

equations at the expense of slight easiness of calculation and understanding.

It is important to understand and acknowledge the limitation of our mathematical tool box
which lacks a few absolutely necessary tools i.e. Vector algebra lacks certain necessary
geometrical concepts. For example, in Vector algebra, electromagnetic waves can only be
transverse, which means that the electric field vector is always perpendicular to the

magnetic field vector, and the curl of the fields is perpendicular to the fields themselves.
1) VXELE [2.1]
2 VXBLB [2.2]

It has been known for more than a hundred years that the curl of a vector field and the

field itself need not be perpendicular to one another. However, they can also be parallel.

In fact, towards the end of the nineteenth century, the Italian mathematician Eugenio
Beltrami successfully developed a system of equations for the description of

hydrodynamic flow, in which the curl of a vector is proportional to the vector itself.

Figure 2.1

S ) Water Surface

7= T § Stream Bed
7= ST T T 7 ; — r T g I‘.‘!‘ﬂ
ST R HATHT T A= = { N TR T A gy e

Beltrami Flow
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This geometric aspect can better be understood and easily visualised in Clifford/
Geometric algebra, which is an algebrification of geometry and a geometrification of
algebra at the same time. The Clifford algebra is the algebra of the physical space and
subspaces on the real field. It provides a unified view of things. The popular Vector
algebra is a stripped down version of Clifford algebra in three dimensions. The Clifford
algebra is not complicated, it is only a few small steps beyond the Vector algebra. In
addition, it extends easily into any number of dimensions with the same formalism, and

elegantly unifies all Vector algebra systems under one roof.

Figure 2.2

Synthetic Geometry
Euclid

1637
Analytic Geometry
Descrates

l

1798
Complex Algebra
Wessel, Gauss

! \ 4

1843 1844
Q:ate(rlons Extensive Algebra
amilton Grasmann

Y

1854

Matrix Algebra
Cayley
A4
1878
1881 "
Vector Calculus Cllfforlq AI%ebra
Gibbs Cliffor
A \ 4
1890
Tensor Calculus
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1908
Differential Forms
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A 4
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Spin Algebra
Pauli & Dirac
\ 2001
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In Clifford algebra, a scalar can be visualised as an ideal point in space, which has no
geometric extent. A vector can be visualised as a line segment, which has length and
orientation. A bivector can be visualised as a patch of flat surface, which has area and
orientation. A trivector can be visualised as a piece of three-dimensional space, which

has a volume and an orientation.

Figure 2.3

P A

Scalar Vector Bivector Trivector

Visualisation

Each object has a grade, according to how many dimensions are involved in its geometric
extent. Therefore, Clifford algebra is a graded algebra. The situation is summarised in the

following Table 2.1.

Table 2.1
Object Visualisation Geometric Extent Grade
Scalar Point No Geometric Extent 0
Vector Line Segment Extent in 1 Direction 1
Bivector Patch of Surface Extent in 2 Directions 2
Trivector Piece of Volume/ Space @ Extent in 3 Directions 3

Two vectors A and B that are not collinear span a plane can be combined as A A B. The
operation A is called the outer (or wedge) product, and two vectors combined by A are
called a bivector. The side on which the rotation of A toward B is anticlockwise, i.e., a
positive rotation, is defined to be the front side, and the magnitude of bivector A A B is

defined to be the area of the parallelogram defined by A and B.
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Non-coplanar vectors A, B and C span a 3D volume, which we denote by A A B A C.
Three vectors combined by A are called a trivector. As a geometric figure, it represents
the entire space, but its sign is defined to be positive if A, B and C are a right-handed
system and negative if they are left-handed. The magnitude of trivector AAB A C is

defined by the volume of the parallelepiped defined by A, B and C.

The orthogonal complement or dual of the plane specified by bivector A A B is a line
orthogonal to it. The dual (A A B) * is defined to be a vector C orthogonal to plane
A A B and by virtue of this to both A and B which lies in the plane A A B, having the

same magnitude as A A B.

The orthogonal complement or dual of the space specified by trivector A A B A C is the
origin (a scalar). The dual (A A B A C) * is defined to be a scalar a that has the same

magnitude as A A B A C.

Table 2.2

Dimension n=2

Blade Blade
Scalar Grade =0 Grade =0
Vector Grade = 1 < > Grade = 1
Bivector Grade =2 Grade =2  pseudo scalar L
Table 2.3

Dimension n=3

Blade Blade
Scalar Grade =0 Grade =0
Vector Grade = 1 1\ / Grade =1
Bivector Grade =2 Grade =2 Pseudo vector
Trivector Grade =3 Grade =3 pseudo scalar L
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Table 2.4

Dimension n=4

Blade Blade
Scalar Grade =0 Grade =0
Vector Grade = 1 Grade = 1
Bivector Grade=2 <« » Grade =2
Trivector Grade =3 Grade =3 Pseudo vector
Quadvector Grade = 4 Grade =4  pseudo scalar I,

In n dimensions, the dual of a blade (a general term for a geometric object in Clifford

algebra) of grade g is a blade of (n — g) and vice versa as shown in Tables 2.2, 2.3 and
2.4.

The dual of a scalar is always a pseudo scalar. In three dimensions, the familiar “triple

scalar product” A - B X C produces a pseudo scalar. It’s called pseudo because if you
look at it in a mirror, it changes sign. This stands in contrast to an ordinary non-pseudo

scalar, such as the number of marbles, which is unaffected by a reflection.

In three and four dimensions, it converts a vector to a certain “corresponding” pseudo

vector aka axial vector. The familiar cross product A X B produces a pseudo vector aka

axial vector.
Table 2.5
Pseudo Scalar Comparison
n=2 L Bivector Grade = 2 I}=-1 LA = —-Al
n—3 L Trivector Grade =3 I}=-1 LA = AL
n==4 I Quadvector Grade = 4 [f =—1 LA=-AI

The dual (...)*specifies the orthogonal complement of the direct representation, it

represents the vector product or scalar triple product of the Vector algebra.

3 (AAB)*=AxB [2.3]
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4 AABAC)*=A-BxC [2.4]

The dual representation of a field, i.e., the orthogonal complement of the direct

representation, corresponds to the vector product or curl of a field of the Vector algebra.
5) (VAE)*=VXE—VAE=IVXE [2.5]
6 (VAB)*=VxB—VAB=IVxB [2.6]

The number of linear subspaces contained in a space depends on the number of

dimensions involved as shown in the Figure 2.4which takes the form of Pascal’s triangle.
On each row, the total number of components is 2" and contains the coefficients of the

expanded binomial (1 + x)", and the power of x represents the grade of the subspace.

Figure 2.4

1 24
quadvector

10 5 1
bivector quadvector | quintvector
15 6
quadvector | quintvector

Pascal’s Triangle

25

26

Like a complex number, which is the sum of the real part and so called the imaginary part

which actually represents a rotation, a Clif is the sum of blades of various grades as
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shown in Table 2.6. In the literature, the Clif is called a multivector, but this term is

misleading and may cause confusion and errors.

Table 2.6
Dimensions Clif
n=2 C = scalar +vector + bivector
n=3 C = scalar +vector + bivector + trivector
n=4 C = scalar + vector + bivector + trivector + quadvector

Similar to multiplication of complex numbers, any geometric object in Clifford algebra can
be multiplied with any other object. The geometric product of two vectors (grade=1 only)
gives only two terms, a scalar term and a bivector term (assuming the bivector term is
nonzero). The geometric product of a vector and a bivector has two terms, a vector term
and a trivector term. The geometric product of two bivectors (grade=2 only) has three
terms, a scalar term, a bivector term and a quadvector term. The geometric product is not

commutative.

The geometric product of two vectors is

7 AB=(A-B);+(AAB), [2.7]
8 (A-B),=scalar [2.8]
© (A AB), =bivector [2.9]

The equation [2.8] is the dot product, inner product, or scalar product from the Vector
algebra where where A and B are ordinary grade =1 vectors. The grade of the dot

product is zero i.e. the grade of the dot product is | grade A — grade B|.

(100 (A-B),= % [2.10]

where A and B have grade = 1

(11) (AAB)2=% [2.11]
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where A and B have grade < 1

The geometric product of a vector and a bivector is

(12) A(B),=(A-B), + (AAB), [2.12]
(13) (A -B), =vector 2.13]
(14) (A AB), = trivector [2.14]

The equation [2.13] is called the contraction. It generalises the dot product. There are
multiple contractions possible between two higher grade objects and the highest

contraction is the lowest-grade piece of the geometric product.

AB - BA

(15) (A -(B)y), = — [2.15]
AB + BA
(16) (AA(B)y), = — [2.16]

The signs in equation [2.15] and [2.16] are the opposite way round to the case of two

vectors in equation [2.10] and [2.11] respectively.
The geometric product of a vector with a blade of grade r is
(17) A(B), = (A-(B),)_1) + (AA(B),) ;1) [2.17]

AB + (-1)"'BA
2

(18) (A-(B)),_, = [2.18]

AB - (-1)*'BA
(19 (AAB)) = (2) [2.19]

The symmetries of inner/ dot products and outer/ wedge product alternate for the odd or

even grade blade (B),.
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The geometric product of two bivectors is

20) (A))(B),=(A--B)y+ (A B),+(AAB), [2.20]
1) (A--B),=scalar [2.21]
22) (A -B), = bivector [2.22]
(23) (A AB), = quadvector [2.23]

The equation [2.21] represents the contraction. The quadvector vanishes in three

dimensions and represents a pseudo scalar in four dimensions.

The geometric product of two trivectors is

(24) (A)3(B)3=(A---B)y+(A--B),+(A-B);+(AAB)g [2.24]
5 (A---B),=scalar [2.25]
(26) (A -- B), = bivector [2.26]
27) (A -B), =quadvector [2.27]
(28) (A AB), = sextvector [2.28]

The equation [2.25] represents the contraction. The quadvector vanishes in three
dimensions and represents a pseudo scalar in four dimensions. The sextvector vanishes

in both three and four dimensions.

On multiplying an object of grade r by an object of grade s (s > r), the geometric
product contains (r + 1) terms of grades starting from |s — r| with an increment by 2

until |s + 7| . There are r terms of inner/ dot products and one term of outer/ wedge

product.

(A)(B); = (A (rdot) BY_,+...+(A-- B, _4

[2.29]
+<A ¢ B>|s+r—2| + <A /\ B>|S+l"|
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The definite symmetry (or antisymmetry) of each grade(...), o, Where

s(s—1) (r+s=200r+s—-2t-1)
2

t=0,1, ..., r isrepresented by (—1)r(r2_1)(—1) > (=1

The Clifford algebra is amazingly elegant in handling rotations. It emphasises the plane of
rotation rather than the axis of rotation and works equally well in any number of
dimensions. The plane of rotation seems more natural than an axis of rotation. For
example, if you are sitting in an aircraft, you can see the plane of rotation for yaw-wise
rotations spread out in front of you, running left/right. It is somewhat less natural to
visualise the vertical axis (even though the two representations are technically equivalent

in three dimensions).

In Clifford algebra a rotation is represented by the geometric product of two vectors
which is Lorentz-invariant. The exact choice of vectors doesn’t matter; there are many
different pairs of vectors that specify the same rotation. The plane containing the two
vectors is the plane of rotation, and the angle between the two vectors is half the angle of
rotation. The half angle has a deep physical significance and avoids any singularities. The

rotation is expressed by

(30) x'=R"XR [2.30]
where X is the unrotated vector, X’ is a vector that is rotated relative to X by an angle 6, R
is a rotor with rotor angle g and R™ is the reverse of R. The reverse is a generalisation of
the notion of the complex conjugate.

Compound rotations are represented by a product of rotors in the obvious way. For

example, if you carry out a rotation described by rotor R, and then follow it by another
rotation described by rotor R,, the overall rotation composed of the two rotations is

specified by the rotor R}, by multiplying the two rotors, in order

The rotor can also be expressed in exponential form

0 0 .0
(32) R(E) = COS(E) + elezsm(a) [2.32]
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0 0
(33) R(E) = €212 [2.33]

where e, and e, are orthonormal basis vectors.

There is a two-to-one relationship between rotors and rotations. Any given rotation can be

represented by two inequivalent rotors i.e. R and —R. If something rotates by 2z radians

in any plane, it gets back the same attitude, but the rotor picks up a minus sign. It must

rotate 47 radians to get back the original rotor. This is known as spinors. This is can be

experienced first hand by the Dirac string trick or/ and the Philippine wine-glass trick.

A Clif consisting of terms of odd grades is called an odd Clif, and a Clif consisting of
terms of even grades including grade zero i.e. scalar, is called an even CIif. It is easily
seen that the product of two even Clifs and the product of two odd Clifs are even Clifs,
and the product of even and odd Clifs is an odd Clif. The sums and scalar multiples of
even Clifs are even Clifs and their products are also even Clifs. This means that the set of

even Clifs forms by itself a closed algebra i.e. an even sub algebra of the Clifford algebra.

In fact, the Complex numbers are even a sub algebra of Clifford algebra in two
dimensions, containing just scalars and bivectors. Similarly, the Quaternions, which are a
higher dimensional generalisation of the complex numbers, are an even sub algebra of
Clifford algebra in three dimensions, containing just scalars and bivectors. The reason, we
are not able to immediately recognise it, is because the real even subspaces i.e. bivectors
have also been complexified. This means that the two dimensions of the bivectors have
combined into one single dimension. Whenever we complexity things, we loose degree of
transparency and understanding. This is the reason why most of the people are still
unaware that the imaginary part of complex number represents rotation and made the
Quaternions algebra very difficult to understand. The Dirac algebra is nothing but the
Clifford algebra with complexification in spacetime. The Pauli algebra is the even sub
algebra of the Dirac algebra. The quaternion algebra can also be seen as the even
subalgebra of the Pauli algebra. The complex numbers can also be seen as the even

subalgebra of the quaternions.

In addition, the Clifford algebra resolves the apparent chirality (handedness) in

electromagnetism i.e. the right-hand rule for electric generators, and the left-hand rule for
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electric motors. The cross product is not preserved under reflection, and thus it
introduces a fake chirality in electromagnetism. It is an artifact of the mathematics used to

describe the world, not a property of the world itself.

Thus, the Vector algebra lacks few important concepts which are essential for our
analysis, visualisation and correct geometrical interpretation, namely

i) Bivector, Trivector and so on

ii) Orthogonal complement or Dual space

iy Clif

iv)  Geometric product

V) Rotations

It can be easily visualised from Figure 2.3 that a vector can be parallel to a bivector of

which it is a part.

34 AAB| A [2.34]
B35 AAB| B [2.35]
Therefore it is possible that

@) VAE|E [2.36]
37 VAB| B [2.37]

The Beltrami condition uses the original interpretation of direct representation of a curl of
a field from the Clifford algebra and imports it into the Vector algebra i.e. applies it to the
indirect representation of a curl of a field. Such solutions of the Maxwell-Heaviside

equations are called the Beltrami solutions.

@8 VAE|E— VAE=0E — VXE=xE [2.38]
Therefore

@9 V-E=0 [2.39]
40 VAB|B—VAB=-0B — VXB=-«B [2.40]
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Therefore
41 V-B=0 [2.41]

The w, is the rotation of vector E and w, is the rotation of vector B. In the process of
applying the direct representation curl of the field from the Clifford algebra into the Vector

algebra, w was appropriately changed to k.

In the Clifford algebra literature, the electric field is represented by a vector E, whereas
the magnetic flux density is represented by a bivector (B)2 to derive the Maxwell

equations using the Lorentz force, which encompass Faraday’s unipolar induction.

Thus, the electric field vector E has an orthogonal complement or dual, being a bivector
(E),, and the magnetic flux density (B), has an orthogonal complement or dual, being a

vector B. Thus, both the electric field E and the magnetic flux density B are either

vectors in their true/direct representation and their orthogonal complement, or are dual

bivectors (E), and (B),, respectively, or vice versa.

Figure 2.5 shows that the two vectors E, B and the two bivectors (E),, (B), can be

perpendicular and parallel at same time due to cross interaction between orthogonal

complements or dual spaces.

Figure 2.5

P g

(E),

qa)

MY
N\,

Orthogonal Complement or Dual Space
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Table 2.7-1

Penpendicular Interaction Dual Parallel Interaction
E 1 (E), E || (B),
B 1 (B), B | (E),

In standard notations, the electric field vector E is represented by the electric field
strength E and the magnetic field vector B is represented by the magnetic field strength

H. The electric field bivector (E)2 is represented by the magnetic flux density B and the

magnetic field bivector is (B)2 is represented by the dielectric displacement D.

E=E
(42) (E), = (B), [2.42]
B=H
(43) (B), = (D), [2.43]
Figure 2.6
X
(B),

Orthogonal Complement or Dual Space
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Table 2.8

Standard Notations

Penpendicular Interaction Dual Parallel Interaction
E L H E | (D),
(B), L(D), H| (B),
Figure 2.7
I
A

Perpendicular Interaction

Figure 2.8

Parallel Interaction
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As we are aware that in the Vector algebra, both the magnetic flux density B and the

dielectric displacement D are also vectors and the equations of transformation, i.e., the
unipolar induction by Faraday/ the Faraday law and the equation of convection/ the

Ampére-Maxwell law, are valid at the same time.

E=vxB — v 1L E L B [1.13]
H=-vxD — v 1l HLD [1.14]
Figure 2.9
B D
A A
H
\ —
E
\Y \Y

Fragmented Equations of Transformation

The equations {1.13] and [1.14] can only be possible if E || D and H || B as shown in
Figure 2.10.

Figure 2.9

P
p T

Unified Equations of Transformation
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It is evident from Figure 2.10 that parallel interaction is inherent in the Vector algebra,
even though the existence of parallel interaction has always been denied. As we will see
later, the well known energy density formulation in the Vector algebra unquestionably

confirms the existence of parallel interaction.

wy ED#O [2.44]
ExD=0

(45) H-B#0 [2.45]
HxB=0

As the equations of transformation, i.e., the unipolar induction by Faraday and the
equation of convection, are applicable to both perpendicular and parallel interaction, this
implies that even the parallel interaction is a transverse wave like perpendicular

interaction. The parallel interaction is not a longitudinal wave.

The magnetic flux density B and the dielectric displacement D are usually treated as
bivectors both in spacetime and in three dimensions with separate time dimension, which
is an even sub algebra of spacetime algebra. This results in zero energy density as we will
discover this in our analysis. An easy and correct method to decipher the grade of the

geometric object is to count the number of dimensions including the time dimension

contained in the unit of the object. We always considered velocity v as vector, but it is a
bivector which has a rotation. Like the curvature of the earth, we do not feel or observe
the rotation when we drive our cars but it is always present in reality irrespective of our
feeling or observation. This is particularly important in understanding various field
velocities in our analysis. The grade of the electric and magnetic objects are summarised

in the following Table 2.10.

Table 2.10
Duality
Electricity Magnetism
Electric Vv Magnetic A
field E — Vector  field H — Vector
strength m strength m
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Duality
Electricity Magnetism
Bivector in Bivector in
Magnetic 3 Dielectric 3
flux density Vs dimensions = displaceme As dimensions
or B — and nt or D — and
2
Magnetic Z Trivector | Electric m? Trivector
induction in4 induction in4
dimensions dimensions
Scalar in 3 Scalar in 3
Elementary dimensions Elementary dimensions
electric p Wb = Vs and magnetic e C =As and
potential Vector in 4 charge Vector in 4
dimensions dimensions
Scalar in 3 Scalar in 3
Electric dimensions Magnetic dimensions
potential ¢P Wb = Vs andl charge C=A4s and'
Vector in 4 Vector in 4
dimensions dimensions
Electric v Magnetic A
voltage VvV — Bivector e J S Bivector
area m?2 area m2
density density
Vector in 3 Vector in 3
Velocity of m dlmzr;zlons Velocity of m dlngzlons
electric v — . . magnetic v — . .
field E s Bivector in field H s Bivector in
4 4
dimensions dimensions

The standard electromagnetism in Vector algebra with separate time dimension neither

has a concept of dual space nor distinguishes between the vector and the bivector. It

completely ignores 50 % of the reality, i.e. dual parallel interaction. It is akin to working

with one eye which on top is colour blind. It has been distorting reality and perennially

denying the existence of dual parallel interaction, i.e. E || (D), and H || (B),.
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3. Dual Parallel Interaction

The Helmholtz style equations can be derived by applying the Beltrami conditions of

direct representation of a field, i.e dual space in Vector algebra. The Beltrami conditions
[2.38] to [2.41] for vacuum are

VXE =x,E [2.38]
V-E=0 [2.39]
VxB=-xB [2.40]
V-B=0 [2.41]

The equation [2.41] is known as Gauss law. This is not a special case as postulated
before but inherent in the dual parallel interaction. The equation [2.39] can be seen as the
DUAL GAUSS LAW.

On applying the curl operator twice to equation [2.38] and equation [2.40] gives

() VXVXE=xVXE=xE [3.1]

@ VxVxB=-kxVxB=«’B [3.2]

These are similar to Trkalian equations, except that the wave number is corresponding to

the wave length of the field.

On using vector calculus Identity gives

3 VXVXE=V(V-E)-V’E=xE [3.3]
(4) VXVXBzV(V-B)—V2B=K62B [3.4]
On substituting equation [2.38] in equation [3.3] gives

65) VE+iE=0 [3.5]
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On substituting equation [2.40] in equation [3.4] gives
© V’B+x’B=0 [3.6]

The equations [3.5] and [3.6] are similar to Helmholtz equations, except the wave number

is corresponding to the field.

According to Beltrami condition/ Gauss law [2.39] and [2.41], the divergences of the E

and B fields are always zero in the dual parallel interaction.

Therefore
7 J==-vw(V-D)=0 [3.7]
8 V=v(V-B)=0 [3.8]

The dual Ampere Maxwell law [1.50] becomes

oB
VXE+—=V [1.50]

ot

oB
© VXE+— =0 3.9]

ot

oH

(10) VXE = - ”OE [3.10]

The equation [3.9] is known as Faraday’s law. This is not a special case as postulated

before but inherent in the dual space.

The Ampere Maxwell law [1.9] becomes

oD
oD
(11) VXH_E:O [3.11]
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oE
12) VXH=¢— [3.12]
ot
The equation [3.11] in the dual space can be seen as the DUAL FARADAY LAW.
Table 3.1
Duality
Electricity Magnetism
Yang Male Yin Female
Positive + Negative —
North pole N South pole S
Direction of Direction of
movement N—S movement NS
Vacuum ¢ As Vacuum Vs
permittivity 0 Vm permeability Ho Am
Vacuum A Vacuum 4
conductivity % Vm potentivity o Am
Vacuum angular Vacuum angular
frequency for W. = @ l frequency for W = @ l
Electric B e " Magnetic TR "
induction induction
Voltage U % Current 1 A
Electric field E X Magpnetic field H i
strength m strength m
Magnetic flux v Dielectric A
density or _ el displacement or _ L8
Magnetic B = pH m2 Electric D = E .
induction induction
Elementary Elementary
electric p Wb = Vs magnetic e C =As
potential charge
Electric . Magnetic .
potential ¢l’ Wb =Vs charge q C=A4s
Eloe’c(;tgit(i:al P E Magnetic P ﬂ
p i e
density m3 charge density m3
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Duality
Electricity Magnetism
Unipolar 14 Equation of
- PO E=vxB — quatior H=-vxD —
induction m convection m
Perpendicular Interaction
P 1% P A
Coulomb law V.-E=2¢ e Dual Coulomb v . g = 2 a
€0 m2 law Ho m2
Dual Coulomb _ Vs As
law V-B=p, — Coulomb law V-D=p, —
. Magnetic A
Electric voltage 4
: V=v(V:-B) — current area J=—v(V.-D) —
area density m?2 density m?2
Dual ohms law 'V =5 H Ohms law J=06E
V=o0B J = a)pD
Sre- 0B \% Sre- oD A
Dual Ampere VxE+ 2 —v v Ampere VxH-22 —J A
Maxwell law ot m2 Maxwell law at m?2
Vs As
V X —%%=/40J _3 V><D+%— - ¢V —3
m m
JB Vv oD A
VXE=-—+0,B —_— VxH=—+0o,D —
ot m2 ot i m2
\%4 A
VXE=—/40<%—WH> —_— VXH—eO(aa—+wa) —_
m2 m2
Pbet (% sun) Vs Pxp=- L () As
2\ or B m3 2\ or m3
Dual Parallel Interaction
\%4 A
DualGausslaw V-E =0 — Gauss law V-H=0 —
m? m2
Vs As
Gauss law V-B=0 — Dual Gausslaw V-D =0 .
m m
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: \% Magnetic A
Electgc vqltage V=0 ) current area J=0 —
area density m o -

oB \% oD A
Faraday law VXE+—=0 —_— Dual Faraday VxH-—=0 i
ot m? law ot m2
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4. Wave Equations

Applying the curl to the Faraday law [1.80] gives

JoH
VXE=-#0<——%H> [1.80]
ot
oH
(1) VXVXE=—M0VX<E—%H> [4.1]
0
@ VXVXE=—m(E(VXH)—a)E(VxH)) [4.2]

On substituting Ampere-Maxwell law [1.76] gives

VxH <0E+ E> [1.76]
=¢ | —+w :
O\ o p
@) VXVXE J aE+ E aE+ E [4.3]
=—ppco|l —| —t+w -—w,| —+ow :
Ho ot \ ot P “\ ot p
4 VXVXE L(2 aE+ E) aE+ E [4.4]
=——|=—(—+ow -w,| —+ow :
c2 \ ot \ ot P “\ ot P
5) VXVXE ! a2E+ aE+an” oK E [4.5]
=——|—+ow - - 0,0 :
c2 \ or2 P ot ot ¢ ot ep

The angular frequency w,, of outward spiralling electric induction for a medium is always

constant, for example, in vacuum or in any metal.

Therefore
6a)p

6) ——=0 [4.6]
ot
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On substituting the equation [4.6] in equation [4.5] gives

1 [ 0*E oE oE
(7) VXVXE——— —+tw p——a)——a)a)E [4.7]
or? ot ot
® V(V-E)-V’E L (OE + ok JE E [4.8]
. —_ = - w - -, .
c2 \ or? P ot ¢ ot ¢r

According to Clifford Algebra

© V(V-E)=V-(V-E)+VA(V-E) [4.9]
(100 V(V-E)=V-(V-E)+IVx(V-E) [4.10]
(11) V(V-E)=0+10=0 [4.11]

The gradient of the divergence always vanishes.

The gradient of the divergence cannot be defined in the Vector algebra because it is the

side effect of defining the gradient as a vector. We must correct this error by importing the
Clifford algebra identity equation [4.11] into the Vector algebra, therefore V(V : E)
always vanishes not just in parallel interaction where V - E = 0 but also in perpendicular

interaction where V - E # 0.

On substituting equation [4.11] into equation [4.8] gives

(12) V2E L(2E ro, o E [4.12]
=—\| — o,— — W,/ — o, a) .
c2 \ or2 P ot ot
1 ( 0°E OE 0E 5
(13) — —+a)p——a)——wa)E —VE=0 [4.13]
c2\ or? ot ot

1 { 0°E oE oE
—+
or2 P ot ot

(14 — w,— — W,— w§E> ~V?E=0 [4.14]
C
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1 oE oE 5
(15) |:|E+—2 w,——-w,— —wyE ) =0
c

1 oD oD )
(16) |:|D+—2 w,— —w,— —woyD ) =0
c

According to equation [1.55]

D="—

@)

On substituting [1.55] into equation [4.16] gives

1/ o o
(17) DJ-I-Z(CUPE—COEE—G)OJ) =0

[4.15]

[4.16]

[1.55]

[4.17]

Although the equations [4.15], [4.16] and [4.17] look similar, they represent different

geometric objects, namely vector, trivector/ bivector and bivector respectively.

For the static case, equation [4.15] becomes

1
(18) Z(—a)gE) ~V’E=0

1
(19) Z(—c2;<gE) —V’E=0

(20) —xE—-V?E =0
1) V’E+«E=0
Similarly

(22) V*D+x;D=0

(23) V2J+x5J=0

[4.18]

[4.19]

[4.20]

[4.21]

[4.22]

[4.23]
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The equations [4.21] and [4.22] are known as Helmholtz equations. Although these
equations look similar, they represent different geometric objects, namely vector, and

trivector/ bivector. The equation [4.22] is a new addition to the Helmholtz equations.

On applying the curl to the Ampere-Maxwell law [1.76] gives

VxH o + w E [1.76]
= € o 0] .
O\ or P
oE
24) VXVxH-= GOV X E + wa [4.24]
0
@25 VXVxH=¢, <E(V><E)+a)p(V><E)> [4.25]

On substituting Faraday’s law into equation [1.80] gives

oH
VXE=—yu,( —-wH [1.80]
ot
1 0 [ oH oH
26) VXVxH=-—|—|—-0oH|+w0,|—-0oH [4.26]
c2\ or \ ot ot

27) VXVxH=-—| —-w —-H + w — wyH [4.27]

1 (0°H oH _ do, oH
c2\ or2 ¢ ot ot P ot

The angular frequency w),, of inward spiralling magnetic induction for a medium is always

constant, for example in vacuum or in any metal.

Therefore
ow,
(28) =0 [4.28]
ot

On substituting the equation [4.28] in equation [4.27] gives
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29) VxVxH L(oH oH + oH ’H [4.29]
= —-0,—+o0v,— —o :
c2\ or cor  Por O °
30) V(V-H)-V?H L(oH oH + oH ’H [4.30]
-H) - =—-— - w,— — :
2\ or “or  PTor O °
According to Clifford algebra
31) V(V-H)=V-(V-H)+VA(V-H) [4.31]
32 V(V-H)=V-(V-H)+IVx(V-H) [4.32]
33) V(V-H)=0+10 [4.33]

The gradient of a divergence always vanishes.

The gradient of a divergence cannot be defined in the Vector algebra because it is the

side effect of defining the gradient as a vector. We must correct this error by applying the
Clifford algebra identity equation [4.33] into Vector algebra, therefore V(V - H) always
vanishes not just in parallel interaction where V-H = 0 but also in perpendicular

interaction where V - H # 0.

On substituting equation [4.33] into equation [4.30] gives

V2 < 0*H oH H _ o
(34) =S\ 57 T @y Yo W [4.34]

(35) L(oH oH + oH H|-V?H=0 [4.35]
— ——v,— +w,— - — = :
2\ o2 ‘o P or 0
@6 [JH+ ! oH oH H) =0 [4.36]
—_— a) _— a) —_—— a) = .
2\? ot ¢ ot 0
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According to equation [1.62]

B=— [1.62]

W,

On substituting [1.65] into equation [4.37] gives

(38) |:]V+i<a) ﬂ—wﬂ—a)gV):O [4.38]

Although equations [4.36], [4.37] and [4.38] look similar, they represent different geometric

objects namely vector, trivector/ bivector and bivector respectively.

For the static case, the above equation becomes

39) V'H+xH=0 [4.39]
(40) V’B+«xB=0 [4.40]
41) V2V +xlV=0 [4.41]

Although equations [4.39], [4.40] and [4.41] look similar, they represent different geometric

objects namely vector, trivector/ bivector and bivector respectively.

Table 4.1
Duality
Electricity Magnetism
Perpendicular Interaction

. 1/ 0OE oE 1/ oH oH .\
Wave equation DE+§<%;—%;—%E> =0 DH+;<%7—%7—%H> =¢
OB+~ (0,2 -0, 2 _2B) =0 DD+L< D o2 D)—O

3 wpg , d_ - (DO = Cz wl o , o w(] =

1 oV oV 1 aJ oJ

DV+—2<wa—wa——w§V>:0 DJ+—2<wa— E—w&J):O
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Duality
Electricity Magnetism
Spatial equation 2 20 — Spatial equation 2 29y —
(Helmholtz equation) WL g = (Helmholtz equation) VARG S
V:B+xk;B=0 VD +x;D=0
V2V +kiV =0 V2] +x;J =0

4.1. Conductors

For a Conductor, for example a metal,

42 n,~0—>k,x0—>w,~0 [4.42]

Therefore

43) wy=w,0,~0 [4.43]

wty 0,2 ~0 4.4
ot

On substituting equation [4.43] and [4.44] in wave equation [4.14] gives

1 ( 0’E OE 5
(45) Z ﬁ + a)pg —VE=0 [4.45]
1 (0°D oD 5
(46) Z ? + a)pg -VD=0 [4.46]
1 (0% oJ 5
47) Z ﬁ + COPE -V J =0 [4.47]
Similarly
1 (0*H oH 5
(48) Z ? + Cl)p? —-V-H=0 [4.48]

anil@anilgoel.com Proprietary and Confidential


mailto:anil@anilgoel.com

RA-DIANT X

Page 54 of 160

4.2. Non Conductors

For a Non Conductor, for example air,
61) 0,~0—Kx,~*0— w,~0

P p

Therefore

On substituting equation [4.52] and [4.53] in wave equation [4.14] gives

1 [ 0°E ) 5
64) —|—-w,—)-VE=0
cz\ or? ot

55) 1{0*D oD v’D - 0
—_— —_— a) —_— —_— =
c2\ or2 ¢ ot

1 [ 03] 0J
56) — — —w,— | - V2J =0
(50) c2<at2 wear) ]

[4.49]

[4.50]

[4.51]

[4.52]

[4.53]

[4.54]

[4.55]

[4.56]
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Similarly
1 (0°H oH 5
57) —| — - w,— | — V-H=0 [4.57]
c2\ or? ot
1 (0°B B 5
58) —| — - W, —-VB=0 [4.58]
c2\ or? ot
1[0V AY
69 —| — —w,— | -V2V=0 [4.59]
c2\ or? ot
Table 4.2
Duality
Electricity Magnetism
Perpendicular Interaction
Wave equation DE+%<wp%—we%—w§E> =0 COH+ ]2 (“’1% wli)_}t{_%H) =0
1/ 0B B, \ 1/ oD oD,
OB +§(u}p$ - u)ﬂ; - “’OB) =0 oD +?<wp o , o a)OD) =0
1/ oV oV, o\ L/ a  a _
DV+—2<wp? wey—w(,V>—0 DJ+C—2< ooy TP T SJ)—O
Spatial equation 2 2 Spatial equation 2 207
(Helmholtz equation) ViE+iGE=0 (Helmholtz equation) VLB Al =0
VB +xk;B=0 VD +x;D =0
V2V +x;V=0 Vi +x3J =0
Perpendicular Interaction - Conductor
) 1 (0°E oE ) ) 1 (0°H oH 5
Wave equation 2\ 52 Y95, )~ VE=0 Wave equation S\ 5zt )" VH=0
1 (0B 0B - 1 (0D oD _
Z(ﬁ"‘wa)—V B—O §<?+wp?>—v D—O
(v v\ o 1(o) 2y
Z<?+wp?>—v V—O C2<at2 +(Upa[> VJ—O
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_ 1 (0’E oE 2 _ 1 (o™ oH ,

Wave equation §<ﬁ = w35> -V’E=0 Wave equation Z(ﬁ —o—- | -VH=0
1 (0B oB 1 (0B oB
S\ 57 —e— ) -VB=0 -0, 2 )-vB=0
02< o ) Cz( o2 Yo )
1(o°V oV 1/ 0% o
Sl 57 —e— | -V?V=0 = = -0 —)-VI=0
c2( o ) 02< oz ‘ot 1
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5. Dual Wave Equations

The Faraday law [3.10] is

VXE= oH
= —Hy ot

Applying the curl to Faraday’s law [3.10] gives

oH
(1) VXVXEZ—IMOVXE

0
2) V><V><E=—,uOE(V><H)

On substituting the dual Faraday law [3.12] into equation [5.2] gives

JoE
VXHZGO_
ot
B) VXVXE ok
= — €n— —
Ho0%5, o1
4 VXVXE-= | O°F
2 o2

On substituting equation [3.1] in equation [5.4] gives

VXVXE=KPVXE=K§E

g 1 0°E
© 5 T2 o
0’E
221 —
(6) ﬁ-FC KpE—O
0’E B -0
(7) ¥+a)p =

[3.10]

5.1]

[5.2]

[3.12]

[5.3]

[5.4]

[3.1]

[5.5]

[5.6]

5.7]
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aZD 2D —
(8) ? + a)p =0 [5.8]
© J=0 [5.9]

These are known as Beltrami Wave Equations. They can be seen as DUAL WAVE
EQUATIONS.

For the static case, the equation [5.7] becomes

(100 w,E=0 [5.10]

Since E is not zero in general, therefore

(1) w,=0 5.11]

On applying the curl to dual Faraday law [3.12] gives

oE
(12) VXVXH=€OVXE [5.12]
0
(13) VxVxH:GOE(VxE) [5.13]

On substituting equation [3.10] into equation [5.13] gives

1 0 oH

(14 VXVxH=—-——— [5.14]
c? ot ot
1 0°H

(15) VXVXH:_Z? [5.15]
1 0°B

(16) VXVXB:_Z? [5.16]

On substituting equation [3.2] in equation [5.26] gives

VXVxB=-xVxB=«’B [3.2]
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17) x’B | B [5.17]
KB=———— :
¢ c? or?
B, ,
(18) ?+c KeB=O [5.18]
t
’B
(19) ?4‘0)613:0 [5.19]
o’’H
(20) ? + (UeH =0 [520]
21) V=0 [5.21]
For the static case, the equation [5.19] becomes
22) w’B=0 [5.22]
Since B is not zero in general, therefore
23) w,=0 [5.23]
e
Table 5.1
Duality
Electricity Magentism
Perpendicular Interaction
Wave equation DE+%(%%—%%—@§E> =S¢ DH+%( ,,%— %—wéH) =€
DB+%((H,,%—U;E§—“;§B) =0 [\D+i((upg w,% —a)OD) =0
DV+%(wp%—w€%—w§V)=0 OJ+ 12( p%— % wg.])=()
Spatial equation 2 2 Spatial equation 2 207
(Helmholtz equation) ViE+iGE=0 (Helmholtz equation) LB Al =0
V’B+xk;B =0 VD +x;D=0
V2V +k;V=0 Vi +x3] =0
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Duality

Electricity Magentism

Dual Parallel Interaction

Dual wave equation 0’E o Dual wave equation 0’H v
(Beltrami equation) or2 + a)pE =0 (Beltrami equation) or2 +to,H=0
’B ’D
— +w;B=0 — +to,D=0
or? or?
V=0 J=0

Dual spatial equation
(No wave) p e

Dual spatial equation
(No wave) p e

5.1. Conductors

For a conductor, for example a metal [4.42]

N,~0—x,~0—w =0 [4.42]
Therefore

’E

D,
(25) ? + a)pD =0 [5.25]
26 J=0 [5.26]

The dual wave equations for E and D fields remain unchanged.

27) oH _ 0 5.27]
o2 '

28) ’B _ 0 [5.28]
o '
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9 V=0 [5.29]

The dual equations [5.27] to [5.29] mean that H and B fields are at an inflection point i.e.

either at maxima or minima states in the conductor.

5.2. Non Conductors

For a Non Conductor, for example air [4.51]

apz0—>1<pz0—>a)pz0 [4.51]
Therefore
0’E
(30) ? =0 [5.30]
0’D
B2 J=0 [5.32]

The dual equations [5.30] to [5.32] means that E and D fields are at an inflection point i.e.

either at maxima or minima states in the non conductor.

@) —+ w*H =0 [5.33]
’B

(34) ? + a)eB =0 [534]

@5 V=0 [5.35]

The dual wave equations for H and B fields remain unchanged.
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Table 5.2
Duality
Electricity Magnetism
Perpendicular Interaction - Conductor
1 (d°E 1(0H oH
Wave equation g(ﬁ + ) -V’E=0 Wave equation 7(? we?> V’H=0

Wave equation

1(0°B B )
—+w,— |-VB=0
c2\ or? ot

1 [ 9*V oV
— —+w,— |-V*V=0
c2\ or? ot

Perpendicular Interaction - Non Conductor

2\ or? P ot

1 (B 0B
—=—=-0,—)-VB=0
c2<at2 w”at>

1 (v av s
—<7‘E> —Vv=0

1{0E JE 5 .
—w,— | -V°'E=0 Wave equation

Dual Parallel Interaction - Conductor

Dual wave equation - 0’E
Remains unchanged - 4 ng =0
Harmonic or?
0’B
State of Infection =
ot?
V=0

Dual wave equation -
Linear

Remains unchanged -
Harmonic

Dual Parallel Interaction - Non Conductor

Dual wave equation - 0’E _0
Linear or2
: 2
Remains unchanged - 0°B o
Harmonic 912 +w;B=0
V=0

Dual wave equation -
Remains unchanged -
Harmonic

State of Inflection

anil@anilgoel.com

Proprietary and Confidential


mailto:anil@anilgoel.com

RA-DIANT 20z Page 63 of 160

6. Wave Velocity

The time derivatives of a field can be rewritten as

JE JE or oE
—_— = =V— [6.1]
ot or ot or

0°E 0°E or oE ov

—_— =YV —_— + —_—

o012 or?2 ot or ot

2 0°E N oE ov 621
=V| —=V —_— :

or? or ot
,( 0°E\ OE ov
=YV + ——
or2 or ot

In accordance with special relativity, we have to assume that v is a constant. Therefore

ov

3)
(3) py

=0 [6.3]

On substituting equation [6.3] in equation [6.2] gives

0’E  ,0°E

4 —=v—- [6.4]
or? or?
0’E
5) V’E=— [6.5]
or?
Similarly
oH oH 6.6]
—_—V— .
ot or
2 2
(7) gH _ v2 o'H [6.7]
or? or?
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8 V?H= oH 6.8]
o2 '
o) oD oD 6.9]
—_—V— .
ot or
2 2
(10) 2 = 22 [6.10]
or? or?
(11) V’D= D [6.11]
o2 '
0B 0B
(12) — =v— [6.12]
ot or
2 2
(13 9B _ v2£ [6.13]
or? or?
(14) V’B = B [6.14]
~ or2 '
Consider both an decay and growth exponential approach for vectors
(15) E=E;,e™" [6.15]
oE
— =—k,E, e
(16) or P [6.16]
= — KpE
0°E
- — K2E0 e M
(17)  or? P [6.17]
= KﬁE
(18) H=H, e™" [6.18]
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oH
— =—-k,Hy e™"
(19 or [6.19]
= —x,H
o‘’H .,
=k;Hy e ™"
(20) or? [6.20]
= x’H
21) E=E; %’ [6.21]
oE
— =k,E %7
(22) or [6.22]
= KpE
2
E — K.ZEO L
23) or2 P [6.23]
= KIfE
24 H=H,e"" [6.24]
oH .
— =k H, e’
25) or [6.25]
=k, H
’’H
= Ke HO eKe.r
(26) or2 [6.26]
= x’H
Consider a harmonic approach for bivectors
27) D =D, e™" [6.27]
oD ,
— =ik, D, ™"
28) Or P [6.28]
= iKpD
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0’D 5
v i’k Dy e
(29) — 22D [6.29]
= — szD
(30) B =B, e %" [6.30]

The minus sign in the exponent signifies that D and B fields rotates in opposite direction.

oB . —IiK, 1
— = —ix,B, e
(31) or [6.31]
= —ik,B
d’B .
2 —iK,-r
— = K D, e "
or? 0
32 6.32
(32) _ KZB [ ]
= —«x’B

6.1. Conductors

The wave equation for the electric field in the conductor [4.45] is

1 (*E  OE )
—| —+w,— | -V?E=0 [4.45]

On substituting equation [6.1], [6.4] and [6.5] in equation [4.45] gives

(33) ! —azE + ok —azE 0 [6.33]
—| v? o V— | — = :
c? or? P or or?

The velocity v in equation [6.33] represents the velocity of the electric field in the

conductor v, therefore
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=0 [6.34]

or

1( , 0°E 0E \ O°E
c? -

(34) _<VEcﬁ + a)pVEC

On substituting equations [6.16], [6.17] (decaying approach) in equation [6.34] gives

35) V(5 E) + @,vp(—k,E) - *(k;E) = 0 [6.35]
(36) ngéc — CKI%VEC — czkg =0 [6.36]
(37) Vi —cVg —c?=0 [6.37]
c i\/(—c)2 + 4¢?
VEc = 2
_cx 5¢2
(38) 2 [6.38][6.32]
_c® \/gc
2
1+4/5
=—"-7
2
(39) VEc(decay) = 1.618C, - 0.618C [639]
Therefore
(40) VEc(decay) - 1618C [640]

The multiplier of the speed of light in the two roots the of equation [6.33] are in the golden

1
ratio i.e. g = (0.618.

Thus, an electric field strength E wave decays rapidly with 1.618 times speed of light in

the conductor.
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1

On substituting equations [6.22], [6.23] (growth approach) in equation [6.34] gives

@) Vi (E) + 0,V (k,E) — c*(k;E) = 0 [6.41]
(42) KV, + ckyVg, — Ky =0 [6.42]
43) Vi +cvg —c?=0 6.43]
—c £V c? +4c?
VEc =
2
_—cx 5¢2
(44) 2 [6.44]
_—c +1/5¢
B 2
—1£4/5
= c
2
(45) VEc(growth) - - 1.618C, O.618C [645]
Therefore
(46) VEc(growth) = 0618C [646]

Thus, an electric field strength E wave grows slowly with 0.618 times speed of light in the

conductor.

The wave equation for the electric displacement in the conductor [4.46] is

— —+w,— |-VD=0 [4.46]

On substituting equation [6.9], [6.10] and [6.11] in equation [4.46] gives

) 1({ ,0°D N oD 0°D 0 6.47]
—|\vV—+0o,vV— | —— = .
c2 or2 P or or2
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The velocity v in equation [6.47] represents the velocity of the electric displacement field

in the conductor v, ., therefore

1( , 0D oD\ oD

VvV
2\ Peg2 or or?

[6.48]

On substituting equation [6.22], [6.23] (harmonic approach) in equation [6.48] gives

(49) VDC( KhD) + w,vp(ik,D) — c(— K‘ D) =

242 2 2.2
(650) —« VDC+lCK‘ Vpe + €K =0

(51) v3.—icvp.—c?=0

ic £ \/(—ic)2 + 4¢?

C = 2
B ic i\/—cz+4c2
(52) 2
ic £4/3c?

2
i+4/3
—2 Cc

(53) Vp. = (0.866 + 0.5i)c, (—0.866 + 0.5i)c

Therefore

(54) vp. = (0.866 + 0.5i)c

(55) v * risinZ
=\|cosS— 1 Sitin— | C
Dc 6 6

(56) Vp.=c es’

[6.49]

[6.50]

[6.51]

[6.52]

[6.53]

[6.54]

[6.55]

[6.56]
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/4
67) vp.=cCcR <g> [6.57]
Similarly

V4
(58) v;,,=cR <g> [6.58]

The electric induction field D and Current area density field J rotate harmonically with

/4
rotor angle of E with the speed of light. This implies that the B and V fields wave number

and hence their wave length shortens by a factor of 3 in the conductors. This is the

precise reason for adopting the 3 phase AC electric power system where each phase lags
/1

c
The wave equation for the magnetic field strength in the conductor [4.48] is

1 ( 0°H H\ oo
EIER T -

On substituting equation [6.6], [6.7] and [6.8] in equation [4.48] gives

(59) L[ rao v oH 0 [6.59]
—l{ Vv w, V — = .
c? or? P or or?

The velocity v in equation [6.59] represents the velocity of the magnetic field strength in
the conductor vy, therefore
1( , o°H oH\ oH

60) —| vy, — 4o vy— |- =0 6.60
(€0) c2\ ¢ o2 PrHE Gy or? [6.60)

On substituting equation [6.19], [6.20] (decaying approach) in equation [6.60] gives

(61) V%IC(KZH) + a)pVHC(—KeH) — cz(KezH) =0 [6.61]
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242 2.2 _
(62) K V. — CKKVp — kK, =0

(63) K, V3. — CKy Ve — c’k, =0
For a conductor, for example, a metal [4.42]
n~0—k~0—w,~0

On substituting equation [4.42] in equation [6.51] gives

64) —ck,vy =0

(65) VHc(decay) =0

[6.62]

[6.63]

[4.42]

[6.64]

[6.65]

On substituting equation [6.25], [6.26] (growth approach) in equation [6.60] gives

66) Vi (kcH) + 0, vy (k H) — c*(k;H) = 0

(67) K Vi + CK KV — c*k; =0

(68) K,Vj, +ck,Vy.— ¢k, =0
For a conductor, for example a metal, [4.42]
N,~0—k,~0—w,~0

On substituting equation [4.42] in equation [6.68] gives

(69) ¢k, V=0

(70) VHc(growth) =0

Thus, magnetic field strength H is damped in the conductor.

[6.66]

[6.67]

[6.68]

[4.42]

[6.69]

[6.70]
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The wave equation for the magnetic induction field in the conductor [4.49] is

— —+0,— |-V’B=0 [4.49]

On substituting equation [6.12], [6.13] and [6.14] in equation [4.49] gives

(71) L(228 oy B 0 [6.71]
—|\V'—+o,V— | ——— = :
c? or? P or or?

The velocity v in equation [6.71] represents the velocity of the magnetic induction field in
the conductor v, therefore
1 0°B oB 0°B

2 —
(72) Z VBC? +a)pVBc or — o2 =0 [6.72]

On substituting equation [6.31], [6.32] (harmonic approach) in equation [6.72] gives

(73) V3 (—k.B) + w,vp(—ik,B) — c*(—k;B) =0 [6.73]
(74) —K2VE — ICK,K,Vp, + c*k2=0 [6.74]
(75) K, V5. + ICK,Vp, — c’k, =0 [6.75]

For a conductor [4.42]

n~0—ok~x0—w,~0 [4.42]
On substituting equation [6.42] in equation [6.75] gives
(76) ick,Vp. = 0 [6.76]
(77) vp. =0 [6.77]

Therefore, the magnetic induction field B wave is damped in the conductor.
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Similarly
(78) Vy.=0 [6.78]
Thus, H, B and V fields are damped in the conductor.

6.2. Non Conductors

The wave equation for the electric field in the non conductor [4.54] is

1 (0°E E\ p_o
A\ oz P )TVES .04

On substituting equation [6.1], [6.4] and [6.5] in equation [4.54] gives

79) 1( ,0°E oE 0’E 0 6.79]
—|V—-0,v— | ——— = :
c2 or2 ¢ or or?

The velocity v in equation [6.79] represents the velocity of the electric field in the non

conductor v, ., therefore

_ —0 [6.80]

On substituting equation [6.16] and [6.17] (decaying approach) in equation [6.80] gives

1) Vi, (K E) — 0,Vg,(—k,E) — c*(k;E) = 0 [6.81]
(82) KiVi,.— CKK, Vi, — k) =0 [6.82]
(83) K,V — CK Vg, — K, =0 [6.83]

For a Non Conductor [4.51]

apz0—>1<pz0—>a)pz0 [4.51]
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On substituting equation [4.51] in equation [6.83] gives
84) —ck,vg,. =0 [6.84]
(85) VEnc(decay) = 0 [685]

On substituting equation [6.22] and [6.23] (decaying approach) in equation [6.80] gives

86) Vi, (K E) — 0,Vp, (k E) — c*(k;E) = 0 [6.86]
(87) ngl%:nc + CK K,V — CZKI% =0 [6.87]
(88) KPV%M + CK, Vg, — CZKp =0 [6.88]

For a non conductor [4.51]

apz0—>1<pz0—>a)pz0 [4.51]

On substituting equation [4.51] in equation [6.88] gives
89 cx,vg,. =0 [6.89]

(90) VEnc(growth) =0 [6.90]

Therefore an electric field strength E wave is damped in the non conductor.

The wave equation for the electric displacement in the non conductor [4.55] is

1 (0°D oD 5
— ——w,— | -V°D=0 [4.55]
2\ or? ¢ ot

On substituting equation [6.9], [6.10] and [6.11] in equation [4.55] gives

o) 1( ,0D oD\ oD 0 6.91]
—|V——0,V— | —— = -
c? or? ° or or?
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The velocity v in equation [6.91] represents the velocity of the electric displacement field

in the non conductor v, ., therefore

— =0 [6.92]

On substituting equation [6.28], [6.29] (harmonic approach) in equation [6.92] gives

(93) Vlz)nc(—KlfD) — a)eVDnc(iKpD) — cz(—KIfD) =0 [6.93]
2¢2 ; 2.2 —

(94) —K,Vp,. — ICK K,V + Ky =0 [6.94]

(95) vaf)nc +ick, Vp,. — c21<p =0 [6.95]

For a non conductor [4.51]

asz—ncp%O—)a)sz [4.51]

On substituting equation [4.51] in equation [6.95] gives

96) ick, vp,. =0 [6.96]
97) vp,.=0 [6.97]
Therefore the electric induction field D wave is damped in the non conductor.

Similarly

©98) v,,.=0 [6.98]
Thus, E, D and J fields are damped in the non conductor.

The wave equation for the magnetic field strength in the non conductor [4.57] is

— —-w— ) -V2H=0 [4.57]
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1

On substituting equation [6.6], [6.7] and [6.8] in equation [4.57] gives

1 < ,0°H aH) O°H
99 —|( v - o v— | — =0 [6.99]

or?

The velocity v in equation [6.99] represents the velocity of the magnetic field strength in

the non conductor vy, ., therefore

1( , oH oH\ oH 0
(100) Z Vanﬁ — O,V — = [6.100]

On substituting equation [6.19], [6.20] (decaying approach) in equation [6.100] gives

(101) v3, (—=k2H) — 0, vy, (—c,H) — ¢*(—x’H) = 0 [6.101]
(102) k2V%,  — CKZVy,, — C°k2 =0 [6.102]
(103) V3, — CVpe— > =0 [6.103]
c i\/(—c)2 + 4¢?
v =
Hnc 9
_c* 5¢?
(104) 2 [6.104]
c £1/5¢
2
1 £4/5
= c
2
(1 05) Van(decay) = 1.6180, - 0.6180 [6105]
Therefore
(1 06) Van(decay) = 1.6180 [6106]
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Thus, a magnetic field strength H wave decays rapidly with 1.618 times speed of light in

the non conductor.

On substituting equation [6.25], [6.26] (growth approach) in equation [6.100] gives

(107) v3, (—=k2H) — @,Vy,(c,H) — c*(—x’H) = 0 [6.107]
(108) k2V%, .+ CKZVpp. — C*k2 =0 [6.108]
(109) V3, .+ CVy,. — > =0 [6.109]
—c 1/ c? +4c?
Van =
2
_—cx 5¢2
(110) 2 [6.110]
_—c +1/5¢
B 2
—1£4/5
= c
2
(111) VH}’lC(gVOWﬂ’l) - - 1.618C, 0.618C [6111]
Therefore
(112) VH}’ZC(gVOWﬂ’l) == 0.618C [6112]

Thus, a magnetic field strength H wave grows slowly with 0.618 times speed of light in

the non conductor.

The wave equation for the magnetic induction field in the non conductor [4.58] is

1 (0B B\ g0
@\ % )TVEB= e
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On substituting equation [6.12], [6.13] and [6.14] in equation [4.58] gives

1
113) — Vz——a)V— —— =0 6.113
113) cz< or? ¢ 6r) or? [ :

The velocity v in equation [6.113] represents the velocity of the magnetic induction field in

the conductor vy, ., therefore

1(, 0B B\ 0B 0
(114) Z VBncﬁ — W, Vg, — = [6.114]

On substituting equation [6.31], [6.32] (harmonic approach) in equation [6.114] gives

(115) v (—k?B) — @, v, (—ik,B) — c2(=k?B) = 0 [6.115]
(116) k2v%  —ick2Vp, —c*k2 =0 [6.116]
(117) v3, . —icvg,.—c*=0 [6.117]

ic + \/ (—ic)? + 4c?

VBnc = 2
_ ic i\/—cz+4c2
(118) 2 [6.118]
ic £4/3c?

2
i++/3
—2 Cc

(119) vg,. = (0.866 + 0.5i)c, (—0.866 + 0.5i)c [6.119]
Therefore
(120) vg,. = (0.866 + 0.5i)c [6.120]
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T T

(121) vg,. = | cos—+1i sin— | c [6.121]
6 6

(122) Vg, =c eb' [6.122]
T

(123) vg,.=c R (E) [6.123]

Similarly
T

(124) vy,.=c R (E) [6.124]

The magnetic induction field B and voltage area density field V rotate harmonically with

T
rotor angle of E with the speed of light. This implies that the B and V fields wave number

and hence their wave length shortens by factor of 3 in the non conductors.

Table 6.1
Duality

Electricity Magnetism

Perpendicular Interaction - Conductor

. 1 (E JoE 1(0™H oH 2 —
Rapid decay —(7 = wp;) ~VE=0 Vg (jecay) = 1.618¢  Damped wave (-_2(? - “W) “VH=0" Vhc(decay) = 0
1 [0E JE 5 _ 1 [ PH oH _ _
Slow growth Z(? —0)1,7) ~VE=0 | Vie(growth) = 0.618¢ Damped wave Tz( = 7%7) ~VH=0 VHc(grOWlh) =0
1 (o8 B N 1/#D D N Z;
Damped wave (—( = 71"”?) -VB=0 Y = 0 C—z(?—(upj> VD=0 Yy, =( €6 i
LV V) v, -0 LR B | W _ %i
Damped wave | (595 )VV=0 V. = 2\ 95 ) VI=0 v, =c e

Perpendicular Interaction - Non Conductor

1 [ 0E JE . 1(0H oH

Damped wave —<7 * 7) “VE=0 Vi, odecay) = 0 Rapid decay ;(? * ?) “VH=0 Vine(decay) = 1.618¢
1[0k O0E . 1 (0°H oH

Damped wave T(? * “"‘ﬁ) “VEEY Vene(growth) = 0 Slow growth ﬁ(? + w«j) SVH=0 vy erowiny = 0.618¢
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Duality
Electricity Magnetism
1 (o8B B\ _op o Z 1 [ o*D L DS _
a\am o )V Ve = €6 Damped wave =% *%% )"V Vp,. =0
1V oV s Z; 1% a
TE(F”"’?)“VW:O VVnc =c €6l Damped wave ;(ﬁmba_[)_vu:o VJnc = 0

On the closer inspection of Table 6.1, it can be clearly observed that

i) In the perpendicular interaction E L H, the electric field vector rapidly decays

whereas the magnetic field vector is instantly damped in the conductor and vice

versa in the non conductor. Although the E and H waves are perpendicular, it does

not mean that they are tied to each other and follow the same pattern.

i) In the perpendicular interaction E 1 H, the magnetic field vector slowly grows

whereas the electric field vector is instantly damped in the conductor and vice
versa in the non conductor. In the perpendicular interaction (B), L (D),, the

magnetic induction field bivector is instantly damped whereas the electric induction

field bivector rotates harmonically in the conductor and vice versa in the non
conductor. Although the (B), and (D), waves waves are perpendicular, it does not

mean that they are tied to each other and follow the same pattern.
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7. Dual Wave Velocity

7.1. Conductors

The dual wave equation for the Electric field in the conductor [5.24] is
— +w’E=0 [5.24]

On substituting equation [6.4] in equation [5.24] gives

(1) vzaz—E+a)2E=0 [7.1]
or? p '

The velocity v in equation [7.1] represents the velocity of the dual wave of the electric field
strength in the conductor V4,4, therefore

5 0’E

(2) VEc(dual) 07’2

+w;E =0 [7.2]

On substituting equation [6.17] or [6.23] (decaying or growth approach) in equation [7.2]

gives

3 v2 ’E) + 0’E =0 7.3
(3) VEc(dual)(Kp ) W, [7.3]
(4) V%c dual Ky + ¢’y =0 [7.4]

(dual)™p 1%

6)  VieuanFC =0 [7.5]
Therefore

(7) VEc(dual) = ic [7.7]
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T T
@)  Vec@uan =\ cos= +isin—|c [7.8]
2 2
©) VEnc(dual) =C e%i [7.9]
T
(10) VEnc(dual) =cR <5> [7.10]

/4
The electric field E vector decays or grows with speed of light with rotor angle of 5 in the
conductor in parallel interaction.

The dual wave equation for the electric displacement field in the non conductor [5.25] is
—+wD=0 [5.25]

On substituting equation [6.10] in equation [5.25] gives

1) v? D D=0 11

(11) v ﬁ + w, D = [7.11]
The velocity v in equation [7.11] represents the velocity of a dual wave for the electric
induction field in the conductor Vp.4,41), therefore

9’D
12) v>

21y —
De(dual)” 32 +0,D=0 [7.12]

On substituting equation [6.23] (harmonic approach) in equation [7.31] gives

2 2 21 —
(13) VDC(dual)(—KpD) + a)pD =0 [7.13]
2 2, 2.2 _
(15)  Vieuan — €~ =0 [7.15]
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(16)  Vpequany = £ € [7.16]
Therefore

(7) Vpewuan = € [7.17]
(18)  Vpeuan = (cos2m +1i sin2x)c [7.18]
(19)  Voeuan = ¢ €™ [7.19]
(20)  Vpeauary = ¢ R (2m) [7.20]

The electric induction field D bivector spins harmonically with rotor angle of 2z with

speed of light in the conductor in parallel interaction. It is a spinor and takes a rotation of

47 to go back to its original state.
Since J =0

According to equations [5.27] to [5.29]

O°H _ 0 [5.27]
or?
OB _ 0 [5.28]
or?
V=0 [5.29]
Therefore,
22 Vyequan =0 [7.22]
(23)  Vpe(auan =0 [7.23]
(24)  Vyauan =0 [7.24]
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There is no dual wave for the H, B and V field in the conductor in parallel interaction.

7.2. Non Conductors

According to equations [5.30] to [5.32]

IE _ 0 [5.30]
or?
D ~0 [5.31]
or?
J=0 [5.32]
Therefore
(25)  Viuequan =0 [7.25]
(26) Vppeeuary =0 [7.26]
@7) Viueduany = O [7.27]

There is no dual wave for the E, D and J field in the non conductor in parallel interaction.

The dual wave equation for the magnetic field in the non conductor [5.33] is

—7 +0’H=0 [5.33]

On substituting equation [6.7] in equation [5.33] gives

2

0’H
(28) v2—a —+ o*H =0 [7.28]
r

The velocity v in equation [7.28] represents the velocity of dual wave of the magnetic field

strength in the non conductor V. (4,41), therefore
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0’H
29) V2

29y —
Hnc(dual) or2 + weH =0 [7.29]

On substituting equation [6.20] or [6.26] (decaying or growth approach) in equation [7.28]

gives
(30) v? ’H) + 0*H =0 [7.30]
Hnc(dual)\"e e .
2 2, 2.2
B Vimeuanke T €K = 0 [7.31]
32) v? +c2=0 7.32
(32) Van(dual) ¢ [7.32]
(33) Van(dual) =*ic [733]
Therefore
B4 Vane(duar = i€ [7.34]
n T
(B9 Vane(duar) = (COSE +i sin E) c [7.35]
(36) Vietduan =€ €2' [7.36]
T
(37) VHnc(dual) = € R <5> [7.37]

/4
The magnetic field H vector decays or grows with speed of light with rotor angle of 5 in
the conductor in parallel interaction.

The dual wave equation for the magnetic induction field in the conductor [5.34] is

’B
— +wB=0 [5.34]
or?
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On substituting equation [6.13] in equation [5.34] gives

2

38) V2 = +0?B=0 [7.38]
r

The velocity v in equation [7.38] represents the velocity of a dual wave for the magnetic

induction field in the non conductor Vg, . 4,41), therefore

2 aZB 2
(39) VBnc(dual)ﬁ + CUEB =0 [7.39]

On substituting equation [6.26] (harmonic approach) in equation [7.39] gives

(40)  Vi,e(auar(—X:B) + 0B =0 [7.40]
(41) —v,zgnc( dual)ch +c¢%2=0 [7.41]
(42)  Viueauay =€ =0 [7.42]
(43) Viyeuay = £ [7.43)]
Therefore

(44)  Vi,eduany = € [7.44]
45)  Vgueuary = (cos2m +1 sin2rx) c [7.45]
(46) Vi,e(guany = C €™ [7.45]
(47)  Vape(auan = ¢ R 27) [7.46)

The electric induction field B bivector spins harmonically with rotor angle of 2z with

speed of light in the non conductor in parallel interaction. It is a spinor and takes a

rotation of 47 to go back to its original state.

SinceV =0
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(48) VVnc(dual) - 0 [746]
Table 7.1
Duality

Electricity Magnetism

Rapid decay

Slow growth

Damped wave

Damped wave

Damped wave

Damped wave

Normal decay
and growth

Maxima or
Minima

Maxima or
Minima

Spinor

Perpendicular Interaction - Conductor
VEc(deL'ay) = 1.618c Dam ped wave L(% - ”’”%) =VAi=E

Vee(growny = 0-618¢ - Damped wave

Perpendicular Interaction - Non Conductor

L (PE g\ _, _ . 1foeH MY ooy
E(F“”"E)‘V E=0 Vp,edecay) = 0 Rapid decay L-z<wz e dr) V=0

_ 1(orH W I o
Venc(growrny = 0 Slow growth L.z(g,z + ua,) VH=0

=z
Vg, = C €6'  Damped wave

Zj
Viype = C €06 Damped wave

Parallel Interaction - Conductor

0’E z;  Maxima or 0°H
_— 2 = = 2! — =
o2 + OB =0 Vecauan =€ €% \inima o2
0’B . 02D
? =0 VBc(dual) =0 Spinor W + a)lgD =0
V=0 J=0
Parallel Interaction - Non Conductor
0’E Normal decay = d*H
— = i 29 —

o 0 VEne(dual) and growth e T @, H=0
0°B ;| Maxima or 0°D

2 — — 2ri _
o2 t@;B =0 Vpucqua =€ ¢ Minima o2 0

VHc(decay) =0

VHc(growlh) =0

Zi
Vpe = C €6

Zi
V;.=cC eb

Van(decay) =1.618¢

Van(gmwth) =0.618¢

VDnc =0

Vine = 0

VHc(dual) = 0

— 2ri
ch(duu/) =ce

Zi
Van(dual) =ce?

VDnc(dual) =0
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forcod

Duality

Electricity Magnetism

V=0 J=0

On the closer inspection of Table 7.1, it can clearly be observed that

i) In the perpendicular interaction E L H, the electric field vector rapidly decays

whereas the magnetic field vector is instantly damped in the conductor and vice

versa in the non conductor. Although the E and H waves are perpendicular, it does

not mean that they are tied to each other and follow the same pattern.

i) In the perpendicular interaction E 1L H, the magnetic field vector slowly grows

whereas the electric field vector is instantly damped in the conductor and vice
versa in the non conductor. In the perpendicular interaction (B)2 1 (D>2, the

magnetic induction field bivector is instantly damped whereas the electric induction

field bivector rotates harmonically in the conductor and vice versa in the non
conductor. Although the (B)2 and (D>2 waves are perpendicular, it does not mean
that they are tied to each other and follow the same pattern.

iii) In the parallel interaction E | (D>2, the electric field vector decays or grows with

T
rotor angle of 5 and the electric induction bivector spins harmonically (rotor angle

of 2x) in the conductor but both of them are damped in the non conductor.
Although the E and (D>2waves are parallel, it does not mean that they are tied to
each other and follow the same pattern.

iv) In the parallel interaction (B>2 | H, both the magnetic field vector and the

magnetic induction bivector are damped in the conductor but the magnetic field

/4
vector decays or grows with rotor angle of 5 and the magnetic induction bivector

spins harmonically (rotor angle of 2x) in the non conductor. Although the E and
(D)zwaves are parallel, it does not mean that they are tied to each other and follow

the same pattern.
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8. Equilibrium Wave Equations

The wave equation for the electric field [4.15] is

— - w§E> =0 [4.15]

For the special case of equilibrium in the quantum realm

1) wy=w,=w, — Ky=K,=K, [8.1]

On substituting the equation [8.1] in the wave equation [4.15], this becomes

@2 OE-«xE=0 [8.2]
1 E V2E ’E =0

(3) Zﬁ - - K'O = [83]
0’E

4) — ¢?V?E — ¢*¢E =0 [8.4]

Similarly
0’D

(5) — c2V2D - c*D =0 [8.5]
62

(6) a_t;] —c?V?) - czng =0 [8.6]
azH 2y72 2..2

(7) ?—CVH—CK0H=O [8.7]
0’B

(8) — " c2V?B — ¢*iB =0 8.8]
aZV 2yv72 2..2

9) ﬁ—CVV—CKOV=O [8.9]
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According to the Einstein/ de Broglie equation for a rest particle:

(10) hwy = mc? [8.10]
2
1) wy = —— [8.11]
h
mc
(12) K=" 8.12]

(18) On substituting the equation [8.12] in equation [8.2] gives

2
(14) DE—<%> E=0 [8.13]

In this way, the equilibrium wave equation is connected with the quantum-mechanical

realm. The equilibrium wave equation [8.13] is known as the Klein-Gordon equation.

Table 8.1
Duality

Electricity Magnetism

Perpendicular Interaction

Eqwllprlum wave —2V2E — CZK(%E -0 Eqwllprlum wave _V2H - AZH =0
equation o2 equation 012
9°B 9°D
——CZVZB—CzkgB =0 ——CZVZD—ClegD=O
or? or?
v, 5 5 Lt 2,2
W—CVV—CKOV—O ﬁ—CVJ—CKOJ=O
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9. Dual Equilibrium Wave
Equations

The dual/ Beltrami wave equation for the electric field [5.7] is

For the special case of equilibrium in the quantum realm [8.1]

Wy = W, = W, — Ky =K, =K,

On substituting the equation [8.1] in the wave equation [5.7] becomes

d’E g —
1) aﬂ + o, 0
) OE +c%k?E =0
_ C K
or2 0
Similarly

‘D, ,
(3) ? +c KOD =0
4 J=0

0’H

5 —+c1c2H 0
(5) Py 0

(6) aZB+ ‘B=0
CK'

or2 0

7 V=0

5.7]

[9.1]

[9.2]

[9.3]

[9.4]

[9.5]

[9.6]

[9.7]
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On substituting the equation [8.10] in equation [9.2] gives
0’E , [ mc 2
8 —+c{— ) E=0 [9.8]

In this way, the dual equilibrium wave equation is connected with the quantum-

mechanical realm. The equation [9.8] can be seen as the Klein-Gordon equation in the

dual space.
Table 9.1
Duality
Electricity Magnetism
Perpendicular Interaction
Equilibrium wave 0’E _ 2V2E — 2¢2E = 0 Equilibrium wave 0’H _ 2VPH - BlH = O
equation or2 ® equation 012 0
0°B 0°D
F—szzB—CzkgB =0 F—CZVZD—CZK(?D:O
*V 0?
?—&WV—C%gV:o a—t'z]—CZVZJ—c2K§J=O
Parallel Interaction
_ 2 —_ 2
Dual equilibrium wave 0°E Dual equilibrium wave 0°H
o .q —+02K2E=0 -q —+62K2H=0
quation or2 0 equation or2 0
0’B 0°D
—+02K§B=O —+02K3D=O
ot? o>
V=0 J=0
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10. Equilibrium Wave Velocity

The equilibrium wave equation for the electric field [8.4] is

0°E
= c?V’E — czxgE =0 [8.4]

On substituting equation [6.4] and [6.5] in equation [8.4] gives

1) v? —c? — CngE =0 [10.1]

The velocity v in equation [10.1] represents the velocity of the electric field in the
equilibrium v, therefore

2
,0°E

2 azE 2 2E_0
@ vg, 52 —C 52 — okl = [10.2]

On substituting equation [6.17] or [6.23] (decaying or growth approach) in equation [10.2]

gives
@) Vi E) - (G E) — c*kgE =0 [10.3]

For the special case of equilibrium in the quantum realm [8.1]

Wy = W, =W, — Kg =K, =K, [8.1]
Therefore
@  vi(GE) — *(GE) — ¢*k;E =0 [10.4]
5) vz, —2c*=0 [10.5]
©) vy =%+12c [10.6]
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Therefore

7 Vg =12c¢ [10.7]

The electric field strength K decays or grows faster than speed of light in the equilibrium

state.
The equilibrium wave equation for the electric displacement [8.5] is

0°D

272 221y —
¥ —c°VD—-ckgD=0 [8.5]

On substituting equation [6.10] and [6.11] in equation [8.5] gives

0°D 0°D
2 2 2,21y —
B8 v o2 —c o2 —ckgD=0 [10.8]

The velocity v in equation [10.8] represents the velocity of the electric displacement field
in equilibrium v,,, therefore
0°E

d’E
2 2 2. 2% —
©)  Vp, 02 —-c 02 —ckgE=0 [10.9]

On substituting equation [6.23] (harmonic approach) in equation [10.12] gives
(10) Vlz)e(—K]fE) — cz(—KIfE) — Czl(gE =0 [10.10]

For the special case of equilibrium in the quantum realm [8.1]

Wy = W, = W, — Ky = K, = K, [8.1]
Therefore
(1) v5(—k3E) + ¢*(kE) — ¢*GE = 0 [10.11]
(12 —k;vp, =0 [10.12]
(13) vp, =0 [10.13]
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Similarly
(14) v,;,,=0 [10.14][374]

Therefore, the D and J fields are damped in the equilibrium state.
The equilibrium wave equation for the magnetic field [8.7] is

0’H
— c?V?H - ¢*¢H =0 [8.7]

On substituting equation [6.7] and [6.8] in equation [8.7] gives

0°H 0°H
2 2 2,21 —
(15) v o2 —cC o2 —ckgH=0 [10.15]

The velocity v in equation [10.15] represents the velocity of the magnetic field in the

equilibrium vy, therefore

, 'H ,0'H H—o
(16) VHeﬁ_ ﬁ—c Kol = [10.16]

On substituting equation [6.20] or [6.26] (decaying or growth approach) in equation [10.16]

gives
(17) V%_Ie(KezE) — cz(KezE) — c2K§E =0 [10.17]

For the special case of equilibrium in the quantum realm [8.1]

wy = W, = 0, — Ky = K, =K, [8.1]
Therefore
(18) v, (k(E) — ¢*(k(E) — ¢*SE = 0 [10.18]
(19) v3,—2c*=0 [10.19]
(20) vy, =t4/2c [10.20]
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Therefore

@1) vy, =1/ 2c¢ [10.21]

The magnetic field strength H decays or grows faster than speed of light in equilibrium

state.
The equilibrium wave equation for the magnetic induction [8.8] is

0’B
— " c2V?B — ¢*iB =0 [8.8]

On substituting equation [6.13] and [6.14] in equation [8.8] gives

0°B 0°B
2 2 2.2R —
(22) v 52 c 52 c’kgB =0 [10.22]

The velocity v in equation [10.21] represents the velocity of the magnetic induction field in
equilibrium vg,, therefore
0°B

23) V2 B —c? —c*’k’B =0 [10.23]
Be g2 or? 0 '

On substituting equation [6.26] (harmonic approach) in equation [10.23] gives
24) Vi (—k’E) — c*(—k2E) — ¢*{E =0 [10.24]

For the special case of equilibrium in the quantum realm [8.1]

wy = W, = 0, — Ky = K, =K, [8.1]
Therefore
25) v3,(—k3E) + *((E) — ¢*(E =0 [10.25]
(26) —k2vz, =0 [10.26]
@7) vz, =0 [10.27]
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G

Similarly
28) vy, =0 [10.28][392]

Therefore, the B and V fields are damped in the equilibrium state.

Table 10.1

Duality

Electricity Magnetism

Perpendicular Interaction

Equilibrium Equilibrium
state - Faster K state - Faster O°H \/—
T 2V2F — (22F = — O 2V2H — %2H = —_
decay or 5 ~CVE-GE=0 | Vg, = \/Ec decay or Sp ~CVH-GRH=0 V= 2c
growth growth
aZB 2y2 2.2 — aZD 22y72 22..21) — —_—
Damped —5—CVB-xB=0 Vp, =0 Damped S CVD-ep=0 v, =0
oV [ TS
Damped S -evv-agv=0 vy, =0 Damped e CViI=Agl=0 v, =0

On the closer inspection of Table 10.1, it can be clearly observed that

i) In the perpendicular interaction E L H in the equilibrium state, the electric field
vector and the magnetic field decay or grow rapidly and follow the same pattern.

ii) In the perpendicular interaction (B>2 1 <D>2 in the equilibrium state, both the

magnetic induction field bivector and the electric induction field bivector are

instantly damped and follow the same pattern.
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11. Dual Equilibrium Wave
Velocity

The dual equilibrium wave equation for the electric field [9.2] is

’’E B — 0
ﬁ +c Kok = [9.2]

On substituting equation [6.4] in equation [9.2] gives

0’E
(1) vz—a —+c’kgE=0 [11.1]
r

The velocity v in equation [11.1] represents the dual wave velocity of the electric field in

the equilibrium VEe(dualy therefore

2
@ V2 IE +c’k?E =0 [11.2]
Ee(dual) arz o~ — ]

On substituting equation [6.17] or [6.23] (decaying or growth approach) in equation [10.2]

gives
3) V%e(KIfE) + czlcOzE =0 [11.3]

For the special case of equilibrium in the quantum realm [8.1]

wy = W, = 0, — Ky = K, =K, [8.1]
Therefore
@ Viauan®E) + *kGE =0 [11.4]
6)  Viewuan =0 [11.5]
©)  Veeuan = Eic [11.6]
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Therefore

(") Vie(@uary = i€ [11.7]
@)  Veeuan = <cosg +1 sin%) c [11.8]
©)  Veuduan = € €' [11.9]
(10} Vgeauary = ¢ R (Z) [11.10]

The electric field E vector decays or grows with speed of light with rotor angle of —
equilibrium state in parallel interaction.
The dual equilibrium wave equation for the electric displacement [9.3] is

o’D D — 0
_8t2 + kgD = [9.3]

On substituting equation [6.10] in equation [9.3] gives

2

0°D
(11) v2az +c*kiD =0 [11.11]
2

The velocity v in equation [11.11] represents the dual wave velocity of the electric

displacement field in equilibrium vy, 4,4/, therefore

2 azD 2
(12) Vhoauay oy + kgD =0 [11.12]

On substituting equation [6.23] (harmonic approach) in equation [11.12] gives

(18)  Vieuan(—%D) +*kgD = 0 [11.13]
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For the special case of equilibrium in the quantum realm [8.1]

Wy = W, = W, — Ky = K, =K, [8.1]
Therefore
(14) V3 (—k2D) + 22D = 0 [11.14]
(15 Vietuany = ¢* =0 [11.15]
(16)  Vpe(auany = £ ¢ [11.16]
Therefore
(17) " Vpe(duary = ¢ [11.17]
(18)  Vpe(uan = (cos2m +1i sin2m)c [11.18]
(19 Vpe(duany = ¢ €™ [11.19]
(20)  Vpe(auary = ¢ R (27) [11.20]

The electric induction field D bivector spins harmonically with rotor angle of 2z with

speed of light in the equilibrium state in parallel interaction. It is a spinor and takes a

rotation of 47 to go back to its original state.
Since J =0

The dual equilibrium wave equation for the magnetic field [9.5] is

CH | 5on )
? + kg = [9.5]
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On substituting equation [6.7] in equation [9.5] gives

2

0°H
22) V2 - +c*kiH=0 [11.22]
r

The velocity v in equation [11.22] represents the dual wave velocity of the magnetic field

in the equilibrium V(4,41 therefore

2
23) v; o1 +cigH =0 11.23
(23) VHe(dual) or2 C KoL = [11.23]

On substituting equation [6.20] or [6.26] (decaying or growth approach) in equation [11.23]

gives

4 Viauan®E) + *kGE = 0 [11.24]

For the special case of equilibrium in the quantum realm [8.1]

wy = W, = 0, — Ky = K, =K, [8.1]
Therefore
(25) vi,e( dual)(xgE) +c*kE =0 [11.25]
26) V2 +¢2=0 11.26
(26) VHe(dual) ¢ [11.26]
Therefore

T . T

@9 Vie@uan = (cos; + i sin E) c [11.29]
(80)  Vie(duary = C €' [11.30]
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B Vaeuan = CR<72Z> [11.31]

The magnetic field H vector decays or grows with speed of light with rotor angle of —
equilibrium state in parallel interaction.
The dual equilibrium wave equation for the magnetic induction [9.6] is

02B 5
—+c K‘OB 0 [9.6]

On substituting equation [6.13] in equation [9.6] gives

2

0°B
(32) VZW +c2B =0 [11.32]
r

The velocity v in equation [11.32] represents the dual wave velocity of the magnetic

induction field in equilibrium Vg, 4, therefore

2 a2B 2
@) Vi s T k3B =0 [11.33]

On substituting equation [6.26] (harmonic approach) in equation [11.33] gives
(34 Veuan(—kE) = *kGE =0 [11.34]

For the special case of equilibrium in the quantum realm [8.1]

Wy = W, =W, — Ky =K, =K, [8.1]
Therefore
35)  Vouan(—KE) + ¢*kgE =0 [11.35]
(36) Viequary —C> =0 [11.36]

anil@anilgoel.com Proprietary and Confidential


mailto:anil@anilgoel.com

|
NS

RA-DIANT 0Oz Page 103 of 160
(87) Vpeduany = £ € [11.37]
Therefore

(38)  Vpeduan = € [11.38]
B9  Vgeuan = (cos2m +1i sin2x)c [11.39]
(40)  Vgequan = ¢ €™ [11.40]
(41)  Veuany = ¢ R 2n) [11.41]

The electric induction field B bivector spins harmonically with rotor angle of 2z with

speed of light in the equilibrium state in parallel interaction. It is a spinor and takes a

rotation of 47 to go back to its original state.

Since V=0
(42)  Vyeauary =0 [11.42]
Table 11.1
Duality
Electricity Magnetism
Perpendicular Interaction
Equilibrium Equilibrium
state - Faster E L, , P im _ 2 state - Faster o’H 2V2H — 22H = 0 — 2
decay or on ¢V ETeRESD Vg = Vo decay or gz~ CVHTOREED Yy =V £C
growth growth
Damped S -eVB-cgB=0 Vp =0 Damped -evp-cgp=0 vy, =0
Damped ";TZ_CZWV_CZng:o Vy, = 0 Damped %—CZVZJ—CZK(§J=O A 0
Parallel Interaction
Equilibrium Equilibrium
state - Normal  0’E ~ , , z; state- Normal  o’H Zi
I — = 2 R 202 — = 2
decay or oz FORE =0 Vee@uan = € €2 ooy or 5 =0 Viequan = € €
growth growth
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forcod

Duality
Electricity Magnetism
_ B, , _ . omi , D, v = 2™
Spinor T +c“ksB =0 | Vpeauary =€ € Spinor 5 + kD =0 Vpe(auar) =
V=0 J=0

On the closer inspection of Table 11.1, it can be clearly observed that

)

i)

In the perpendicular interaction E L H in the equilibrium state, the electric field

vector and the magnetic field decay or grow rapidly and follow the same pattern.
In the perpendicular interaction <B>2 1 (D)2 in the equilibrium state, both the

magnetic induction field bivector and the electric induction field bivector are

instantly damped and follow the same pattern.

In the parallel interaction E || (D>2 in the equilibrium state, the electric field vector

/4
decays or grow with rotor angle of 5 and the electric induction bivector spins (rotor

angle of 27) harmonically.

In the parallel interaction (B>2 | H in the equilibrium state, the magnetic field

/4
vector decays or grow with rotor angle of 5 and the magnetic induction bivector

spins (rotor angle of 27) harmonically.
The only waves in equilibrium state are due to parallel interaction. The dual wave
equations are independent of the spatial component, without assumptions to that

effect.
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12. Wave Function

The total energy W with kinetic energy T and potential energy U is

1) W=T+U [12.1]

The energy and momentum of a quantum-mechanical particle due to the wave-particle

duality is
@ W=ho [12.2]
3) p=nhxk [12.3]
T= lmv2
2
1 2
(4) = %(mv) [12.4]
_r
2m

On substituting equation [12.3] in equation [12.4] gives

2.2
6 T= f’zK [12.5]
m
5 2m
6) K =?T [12.6]
Consider a wave function
7 W(r,t) = Ae'cT—®) [12.7]
a4 .
— 2.2 i(k-r—wt)
® o2 " Ae [12.8]

= — K2Y
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On multiplying the equation [12.1] with equation [12.7] gives

© WY=T¥+U¥

On substituting equation [12.6] in equation [12.8] gives

0%y 2
(10) -y
or? h?
1) vey=_2"r
(11) Y Y
h2
(12) Ty = — — V¥
2m

On substituting equation [12.12] with wave function [12.9] gives

h2
13) WY =—-—V¥4+UV¥
2m
h2
14 WY=(-—V>+U |V
2m

15 W¥=HY

[12.9]

[12.10]

[12.11]

[12.12]

[12.13]

[12.14]

[12.15]

In the equilibrium state, the particle has no potential energy. Therefore the equation [12.9]

becomes
16) W¥Y=TVY
h2
(17) E¥Y = - —V?¥
2m
=—iw¥Y

[12.16]

[12.17]

[12.18]
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oY h
g o w [12.19]
— Ly
nh
oY
200 WVY = lh; [12.20]
0¥ n o,
m

Under external influence, the equation [12.21] becomes

., 0¥ n o,
(22) ZhE = —2—V Y+UY [12.22]
m

As we have observed earlier, the only wave equations in equilibrium state/quantum realm
are due to parallel interaction. The dual wave equations are independent of the spatial

component, i.e., the time and space variables are naturally separated.

Consider the separation of variables approach

(23) YW(r,1) =w(O)P(r) [12.23]
oV dy

24 — = — 12.24

(24) o dt('b [ ]

(25) v _ 4 12.25
or2 v dr? [12.29]

On substituting equations [12.23], [12.24] and [12.25] in equation [12.22] gives

dy n?  d*¢
26) ih—¢ =——wy—+U 12.26
@6) ih— - =———y—>+ Uy [12.26]

@7) ih—— =————2 4 U [12.27]
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Therefore
L 1 dy
178
1d 1
(29) —d—l/tj = _h [12.29]
V/g l
1d W
(30) —d—li/ = — i? [12.30]
1/g
31) w =e W [12.31]

The only possible wave functions in equilibrium state are decay and growth wave function

for vectors and spinor wave function for bivectors.

Therefore, the equation [12.31] becomes

[12.32]

[12.33]
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13. Electric Potential and
Magnetic Charge

According to fluid dynamics, the current density of mass transport is

() Jrwia aynamics = VPm [13.1]
where p, .is a mass density
According to equation [1.35]

J=—v(V-D) [1.35]
—v(V-D) [13.2]

(2) Jelectro dynamics —

On comparing equations [13.1] and [13.2], it can be concluded that

(3) Jfluid dynamics = Jelectro dynamics [13-3]
Therefore
4 p,=V-D [13.4]

The equation [13.4] is a proper definition — though not of the electric induction D field,
but of the magnetic charge, given that electric induction bivector D exists and is primary.
It states that the magnetic charge is the divergence of the bivector D, i.e., the notion of

the magnetic charge captures the divergence aspect of the spinning bivector D field.
Thus, the magnetic charge particle is a bivector/ trivector element and represents nothing

but the spinning spacetime structure. It flows analogously to that of the the electric
induction D field. The negative sign in equation [1.32] means that the flow of the magnetic

charge is in the opposite direction to the flow of the current area density J.

The equation [13.4] can be rewritten mathematically as

6 p,=V-D [13.5]
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The equation [13.5] is known as the Coulomb law.

Therefore, the current area density equation [1.35] becomes
® J=-vp, [13.6]
The dual of a magnetic charge density p, is an electric potential density Pp-

As Vs
7 p, (—3) «—dual — p, (—3) [13.7]
m m

The dual of an electric current area density J is a magnetic voltage area density V.

A 1%

@ J=-vp, (—) «—dual — V=vp <—> [1.48]
m? P\ m2

Therefore

©® p,=V-B [13.9]

The equation [13.9] is a proper definition — though not of the magnetic induction B field,
but of the electric potential, given that the magnetic induction bivector B exists and is
primary. It states that the electric potential is the divergence of the bivector B, i.e., the

notion of the electric potential captures the divergence aspect of the spinning bivector B
field. Thus, the electric potential particle is a bivector/ trivector element and represents

nothing but the spinning spacetime structure. It flows analogously to that of the electric
induction B field. The flow of the electric potential is in the same direction to the flow of

voltage area density V.

The equation [13.9] can be rewritten mathematically as

(10 p,=V-B [13.10]

The equation [13.2] can be seen as the Dual Coulomb law.
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In the parallel interaction

This does not mean that there are no magnetic charge e or

[2.15]

[2.17]

of electric potential p in

parallel dual interaction. It means that there is a constant flow of magnetic charges and

electric potentials in parallel dual interaction.

Table 13.1
Duality

Electricity Magnetism

Perpendicular Interaction - Conductor

- 1 (PE  E\ _,

Rapid decay 2(7—%7) -VE=0 | VY (decay) = 1.618¢  Damped wave Z(%ﬂ,ﬂ%>,vzn=o

Slow growth Liz(%—w,%) ~VE=0 Vo(erowm = 0.618¢  Damped wave (l("wﬂ ,%) VH=0
1 (B B 1 /D

Damped wave ;(W—wq) -V?B=0 Vg, = 0 L__Z<F-wq) VD=0
1 (v v ) 1( 02 aJ )

Damped wave g(ﬁ*“’ny) VYV Yy = 0 F(?”‘"’E) -V2J=0
pl’ Vppc =0 Pe

Damped wave

Damped wave

1 [ 0E +
2\ o2

1 [ 0°E
==+
2\ o

w,—
<ot

oE
)—VZE:O

JE
wu—) ~-V2ZE=0
ot

VEnc(decay) = 0 Rapid decay

VEne(growrny = 0 Slow growth

z;
_ =l
Vape = C €0 Damped wave

Zi

Ve =C €0 Damped wave

Pe

VHc(decay) =0

VHc(growlh) =0

Zi
Vpe = C €6

i
V,.=cC eb

Zi
V,.=¢C eb

Van(decay) =1.618¢

Van(gmwth) = 1.618c

VDnc =0
Vine = 0
Vpenc =0
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. 2
Normal decay 0°E = , _ . % Maximaor o°H _
and growth EY) + wa =0 VEc(dual) = € € Minima ? =0 ch(dual) =0
. 2

Maxima or 0°B _ . ’D o
Minima 3§'=0 VBe(auary =0 Spinor BﬁunﬁD—O Voe(duar) = € €7

V=0 J=0

Pp VppC(dual) =0 Pe Vpec(dual) = € e

. 2
Maxima or 0°E _ Normal decay 0’H 5 R
M|n|ma atz = 0 vEﬂC(duﬂl) - 0 and growth atz + a)eH = 0 Van(dual) =ce?
. 0’B «i Maxima or 0°D
Spinor =) + 0B =0 Vayeuay =€ € Minima F =0 VDne(dual) = 0
V=0 J=0
Pp Vopne(dual) = € e Pe Vpenc(dual) =0
Table 13.2

Equilibrium Equilibrium
- 2 - 21

growth growth
°B D

Damped 5 —VB-ckB=0 Vp, =0 Damped —5-evp-cp=0 vy, =0
0’V A Lo, 2

Damped SEoCVIV-RV=0 Yy, = 0 Damped 2 CVI=gi=0 v, =0
pp vﬂpe =0 Pe Vpee =0
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EqullbrlUm Equlllbrlum
state - Normal  o’E z; state - Normal  o°H z;
decay or o TORE=0 Ve = € €2 decay or —7 TR =0 Viequan = € €2
growth growth

B - D .
Spinor EY:) + C2K3B =0 vBe(dual) =cC 327” Spinor ? + CZKgD =0 VDe(dual) =c eZm

V=0 J=0

_ . 2ni 4
pp vppe(dual) =ce™ pe Vpee(dual) =c 82’”
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14. Equations of Transformation

Unipolar induction by Faraday [1.13] is expressed by

E=vxB [1.13]

The equation of convection [1.14], formulated by rules of duality from the equation of

unipolar induction, is

H=-vxD [1.14]
The equations [1.13] and [1.14] together are called equations of transformation.
) H=-¢(xE) [14.1]

On substituting equation [1.13] into equation [14.1] gives

2) H =-¢yvxE) [14.2]
3) H' =-¢y(vXvxXB) [14.3]
4) H =- 60//l0(V XV X H) [144]

According to the Vector algebra

5 AxBxC)=(A-CB-(A-BC [14.5]
Therefore
6) H' =—couy((v-Hyv—(v:-vH) [15.6]

Since (v - H)v always vanishes, therefore

7)) H =—¢yuy (—vH) [15.7]

8 H =—H [15.8]
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Alternatively

9 E=pu,vxH [14.9]
On substituting equation [1.14] into equation {14.9] gives

10) E' = — pg(vxvxD) [14.10]
1) E = —e€eypuy(vxXVXE) [14.11]

According to the Vector algebra

AXBxC)=A-COB-(A-BC [14.5]
Therefore
12) E'=—¢ypy ((v-E)v—(v-V)E) [14.12]

Since (v - E)v always vanishes, therefore

13) E’'=—¢ypy (—v’E) [14.13]
14y E' =—E [14.14]

The equation [14.8] and [14.14} imply that the equations of transformation convert into

one another at v = ¢ and there is a constant flow of the electric and magnetic fields ad

infinitum as shown in Figure 14.1.

Figure 14.1
CEszB><H=-V>< D>
B:IMOH D=€0E

Infinite Loop
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For v # ¢ there will be infinite cause and effect feed back and feed forward non-linear

cycles.

Let’s consider starting electric and magnetic fields as E, and H|, respectively.

15) E=E,

16) H=H,

For 1st Cycle

17) D, =¢)E,

On substituting equation [14.17] into equation [1.14] gives
H=-vxD

18) H; = — ¢y(v X E)

19) E,=vXxB,

On substituting equation [14.19] into equation {14.18] gives

200 H, =-—¢(vXvXB

21) By =puoH,

On substituting equation [14.21] into equation {14.20] gives

22) H, =—¢yuy(vxXvxH,y)

Therefore

24) H=H,+H,

[14.15]

[14.16]

[14.17]

[1.14]

[14.18]

[14.19]

[14.20]

[14.21]

[14.22]

[14.23]

[14.24]
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V2
25) H=H,+—H,
c

For 2nd Cycle
2

26) H,= %Hl

On substituting equation [14.23] into equation [14.26] gives

4

2 V4

1%
C C

For Infinite cycles:

30) H:H0+H1+H2+H3

)2 4 e
c2 c4 c6

o Ho(1424:0 ve H
) - +§+?+g... 0

V2 V2 2 V2 3
33y H= 1+§+ Z + Z ... | Hy

Similarly

V2 V2 ’ V2 ’
34) E = 1+Z+ Z + Z EO

[14.25]

[14.26]

[14.27]

[14.28]

[14.29]

[14.30]

[14.31]

[14.32]

[14.33]

[14.34]
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2
v
Forv>c¢ — — > 1 in case of general relativity in the higher dimensions, there will be
C

an ever increasing electric and magnetic field, which generates energy for example in the
case of a decaying electric field in the conductor [6.40] and a magnetic field in the non
conductor [6.106]. This is precisely what happens in the RA device during the trailing

edge of the pulse in the input coil.

VEc(decay) = 1.618C [640]
VHI’ZC(dECGy) = 1.618C [6106]
»2
Forv<c— — < lin case of special relativity the equations [14.33] and [14.34]
c

become a converging series.

Therefore
1
35 H= = H, [14.35]
=3
Similarly
1
36) E = > E, [14.36]
1=
02
Therefore
37) H_ v [14.37]
H c? '
E, v2
38 —=1—-—— [14.38]
c2
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The length contraction in special relativity is given by

39) L= [14.39]
2
L v?
40) — =1-— [14.40]
LO Cz
On comparing equations [14.37], [14.38] and [14.40] gives
2
H, E, L V2
41) —=—=|—— =] -— [14.41]
H E LO C2
Therefore
1 1
42) L x —, — [14.42]
VE VA
1 1
43) Ly x , [14.43]

The equations [14.42] and [14.43] mean that the electric and the magnetic field

determine the length measurement.

This has profound implications. If the observer is exposed to the same fields, in which the
object being observed is situated, then then observer will not be able to perceive the
influence of the fields on the object. For example, if we would sit inside a rocket, the
rocket will become smaller with faster velocity, and we would notice nothing since we

also would contract to the same extent.
For a wave with wavelength A and frequency f we have

44) ¢ =Af [14.44]
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From equation [14.42] it follows that

45) ¢ x A x L x

=/
| — E‘H

46) ?xA?x L?

b

= —

[14.45]

[14.46]

It is evident from equation [14.45] that every measurement of a velocity and the speed of

light which are measured in meters per second, the field determines the length

measurement and hence speed of light. This means it is not possible to measure the

speed of light correctly as the metre has been internationally defined as the length of the

path travelled by light in vacuum for during a time interval of 1/299792458 of a second. If

speed of light is changed, then this applies to the measurement path in the same way.

The variable is measured by itself, and as a result the speed of light is always measured

as a constant value.

anil@anilgoel.com

Proprietary and Confidential


mailto:anil@anilgoel.com

s1s

RA-DIANT 0: Page 121 of 160

15. Speed of Light

In the previous chapters, we have seen that the electric and magnetic field can have

velocities other than the speed of light with rotations.

This can also be easily visualised geometrically with the Clifford algebra. In the Vector

algebra, the velocity is deemed as a vector.

The geometric product of two vectors is given by equation [2.7]

In both perpendicular and parallel interaction, the velocity of the electric field vy and the

velocity of the magnetic field v, are parallel i.e. in the same direction. The wedge product

of parallel vectors is zero, therefore
1) v={(Vg- V) [15.1]

The term (Vg - Vy) is a scalar value which is Lorentz invariant. This represents the scalar

speed of light ¢ which is observed everywhere.

In higher dimensions, the velocity is a bivector. The geometric product of two bivectors is

given by equation [2.20]

(A(B);=(A--B)y+(A-B), + (AAB), [2.20]
Therefore, the velocity clif is
2)  v=(Vg - Vg)ot (Ve Vaha +(VE A Vp)y [15.2]
The wedge product of parallel bivectors is zero, therefore
) vV=Avg:-Vg)+{(Vg-Vg), [15.3]

In reality, the first term (v - - vp), is a scalar value which is Lorentz invariant and
represents the scalar speed of light ¢ which is observed everywhere although this is

attributed to the (VE . VH)O in equation [15.1] in the Vector algebra which only distorts our
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understanding. It does not describe the workings of the reality which remain unchanged

irrespective of our view.

The second term (Vv - Vy), is a bivector and is the reason for the velocities other than

the invariant scalar c.

A velocity bivector always has a rotation. The rotation doesn’t change, only the velocity or
speed with which rotation happens change. This means the angular frequency of the
current area density or voltage area density remains constant for the medium but the
rotational velocity changes. The velocity of the outward spiralling current area density
increases whereas the velocity of the inward spiralling voltage area density decreases.
When the velocity of the outward spiralling current area density increases, more energy is
consumed which produces heat, whereas when the velocity of the inward spiralling
voltage area density decreases, more energy is released which cools. This is what some

have called the cold electricity.
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16. Continuity Equations

In the perpendicular interaction, on applying the divergence to the Ampére-Maxwell law

[1.9] gives
oD
VXH———=] [1.9]
ot
1) VB Lok _ J [16.1]
c2 ot ~ o '
1 0
2) V-VXB——Z—(V-E)zyO(V-J) [16.2]
c* ot
J 2
3  —(V-E)y=—cu(V-J) [16.3}

Applying the time derivative of the Coulomb law [1.1]gives

v.E=2 [1.1]
€0

0 1 dp,

4 —(V-E)=— [16.4]
ot €0 ot

On substituting equation [16.4] in equation [16.3] gives
1 op,

6 —— ==V [16.5]
€0 ot
ap,

® —=- ceppo(V - J) [16.6]
0,

(7) a’;e+V-J=O [16.7]
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The equation [15.7] is known as the continuity equation. The correct terminology would

be MAGNETIC CONTINUITY EQUATION.

Applying the divergence to the dual Ampére-Maxwell law [1.50] gives

0B
VXE+—=V
ot

8) VxD+ ! oH \Y
—_ =€
c2 ot 0

1 0
9 V-VXD+——(V-H)=e(V-V)
c2 0t

J 2
10) E(V -H) =c“¢y(V-V)

Applying the time derivative of the dual Coulomb law [1.48] gives

P
V-H=-2
Ho

1 9p

1) —(V-H)=—-—2

On substituting equation [16.11] in equation [16.10] gives

1 dp
12) ——L =%, (V-V)
po Ot

dp
13) a—t” = cZeuy(V - V)

14 —2_-V.V=0

[1.50]

[16.8]

[16.9]

[16.10]

[1.48]

[16.11]

[16.12]

[16.13]

[16.14]

The equation [16.14] can be seen as the DUAL POTENTIAL CONTINUITY EQUATION.
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In the parallel dual interaction, similarly

9

15) e =
ot
dp

1) — =0
ot

[15.15]

[15.16]

The equations [15.15] and [15.16] mean that there is a constant flow of magnetic charges

and electric potentials in parallel dual interaction.

Table 15.1

Potential %y _
Continuity N Vet

Magnetic
Continuity

ap,

ot

+V-J=0

Potential op,
Continuity ot

Magnetic
Continuity

ap,

ot
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17. Electric and Magnetic Force

In the perpendicular interaction

1)  F,=qg(E+vxB) [17.1]
The equation [16.1] is known as the Lorentz force. This is an ELECTRIC FORCE.

It is evident from equation [16.1] (the second term on the RHS) that the Faraday unipolar

induction is inherent in the Lorentz force.

The dual of an electric force would be a MAGNETIC FORCE.
2) Gl=—¢)p(H+VXD) [17.2]

The equation [17.12] can be seen as the DUAL LORENTZ FORCE.

It is evident from equation [16.2] (the second term on the RHS) that the equation of

convection is inherent in the magnetic force.

In the parallel dual interaction, the second terms in equations [17.1] and first term in

equation [17.3] are exchanged.

Therefore
Table 16.1
Duality
Electricity Magnetism
Perpendicular Interaction
Potential 9Py _ Magnetic 9P, o
Continuity ot EAR Continuity ot +V-J=0
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Electric Force
(Lorentz Force)

F, = q(E+vxB)

Magnetic Force
(Dual Lorentz
Force)

G, =—¢,H+vxD)

Potential P, Magnetic % _
Continuity or Continuity or
AVs AVs
Electric Force Fj=¢E—-¢,H — Magnetic Force G, =qvxB-¢,vxD —
m m
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1

18. Power Area Density & Energy
Volume Density

In the perpendicular interaction, the Poynting vector is

1 S, =ExH [18.1]

In the Clifford algebra, the Poynting vector would be the geometric product between E

and H.
2 S, =EH [18.2]

The geometric product of two vectors is given by equation [2.7]

Therefore

The dot product of perpendicular vectors is zero, therefore

4 (E-H)y=0 [18.4]
On substituting equation [18.4] in equation[18.3] gives

5 S, =(EAH), [18.5]

Like the Beltrami condition, the Poynting vector uses the original interpretation of the
direct representation of a curl of a field from the Clifford algebra and imports it into the

Vector algebra, i.e., applies it to the indirect representation of a curl of a field.
6 S, =(EAH), — S, = (ExH), [18.6]
The cross product is defined

7 AXB=AB sinf [18.7]
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For perpendicular vector, the cross product becomes

AXB=AB sinz

8) 2 [18.8]
=AB
Therefore
g Si=ExH [18.9]
= EH

The dual of the the Poynting vector would be a DUAL POYNTING VECTOR.

The geometric product of two bivectors is given by equation [2.20]

(A)(B)y=(A--B)y+(A-B), +{AAB), [2.20]
Therefore

The double dot product of perpendicular bivectors is zero and the quadvector vanishes in

D = 3, therefore

120 (D--B)y=0 [18.12]
13) (DAB), =0 [18.13]
On substituting equations [18.12] and [18.13] in equation[18.11] gives

14) Sy uan = (D - B), [18.14]

Like the Poynting vector, we must import the dual Poynting vector into the Vector algebra.
We apply the direct representation of the dot product to the indirect representation of a

curl of a field.

15) S| uary = D -B)y — S| (uary = (D X B), [18.15]
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We know that S,y is @ bivector, thus its dimension would be the same as that of

AV o - )
S, — ) This is achieved by multiplying S (., by ¢*.

Therefore

16) S| (guan =¢’DxB [18.16]
In the parallel dual interaction E || {(D},, the Poynting vector is

17) S, =ED [18.17]

The geometric product of a vector and a bivector is given by equation [2.12]

A(B), =(A-B), + (A AB); [2.12]
Therefore
18) S, =(E-D); +(EAD); [18.18]

The wedge product of parallel vector and bivector is zero, therefore

199 (EAD); =0 [18.19]
On substituting equation [18.19] in equation[18.18] gives

20) S, =(E-D), [18.20]

Again, we must import the original interpretation of the direct representation of the
Poynting vector of a parallel interaction from the Clifford algebra and apply it into the

Vector algebra.

The dot product of two vectors is given by equation [2.10]

AB + BA
(A B)y=—"7— [2.10]
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ED + DE
22) (E-D),= > [18.22]

E(eyE) + (¢)E)E
23) (E-D),= (< )2(0 ) [18.23]
24) (E-D), = ¢)E> [18.24]
Therefore
25) S = ¢)F [18.25]
The dot product of a vector and a bivector is given by equation [2.15]

AB — BA
(A <B>2>1 = 5 [2.15]

Therefore

E(e)E) — (¢)E)E
26) (E-D), = (o )2(0 ) [18.26]
27 (E-D); =0 [18.27]

The discrepancy in equations [18.24] and [18.27] is due to the fact that in reality (D)5 is a

trivector but we assume it as a bivector (D),. This means that we must also count the

time dimension in the unit of the object while ascertaining the grade of the object even in

three dimensions.

The dot product of a vector and a trivector is given by equation [2.18]

AB + (-1)"BA
(A~ (B)), =

[2.18]
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Therefore

ED + DE
28) (E-D), = — [18.28]
29) (E-D), = ¢)E> [18.29]

Therefore equation [18.21] becomes

30) S;=(E-D), — S, =(E-D), [18.30]
Similarly

31) S;=(H-B), — S, =(H-B), [18.31]
32) (H-B),= pyH? [18.32]
33)  Syauan = HoH’ [18.33]

The Vector algebra is grade blind and defined the energy density bivector from

AV
perpendicular interaction as the power area density vector based on the dimension —
m

and the energy volume density bivector from parallel interaction as the energy volume

density scalar based on the dimension %

34)  (S)2=(S1)2+ Sriguan)2 — P)1 = (S + (Sjquan) [18.34]
35) (P), = EH + ¢’DB [18.35]
36) (S)1 = (Sy)2+ Syauant2 — (W)o = (Sdo + (Syauano [18.36]
37) (W), =ED+ HB [18.37]

As already pointed out earlier, the parallel interaction is a transverse wave and not a

longitudinal wave. The parallel interaction is also not a scalar wave as the energy density
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is not a scalar quantity. The correct terminology is the Beltrami wave as detailed

perviously.
Table 18.1
Duality
Electricity Magnetism
Perpendicular Interaction
Potential %y _ Magnetic 9p, T
Continuity ot s Continuity ot e =t
, AVs Magnetic Force AVs
E(e)fet::sz;chee) F, =q(E+vxB) _ (Dual Lorentz G, =—¢,H+vxD)
m Force) m
Power Area _ AV Dual Power ) AV
Density DIEEH - Area Density S1uar = ¢"DB -
AV 5 AV
S, =ExH ) S i (duary = ¢ D X B P
Parallel Interaction
Potential op, —0 Magnetic app _
Continuity or Continuity 9t
AVs AVs
Electric Force  F;=q¢E —¢,H — Magnetic Force ' G, =gvxB-¢,vxD —
m m
Energy Volume ¢ _ gp AVs Dual Energy S — HB AVs
Density l m3 Volume Density = " lltdual) m3
AVs AVs
— 2 = 2
S) = €of — Siauan = HoH 3
In higher dimension, the D and B are trivectors.
The geometric product of two trivectors is given by equation [2.24]
(A3(B)3=(A---B)g+(A--B), +(A-B), + (AAB) [2.24]
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Therefore
38) S uay=(D---B)g+(D--B),+(D-B);+(DAB)g [18.38]

The triple dot product of perpendicular trivectors is zero, the quadvector is a pseudo

scalar and the sextvector vanishes in D = 4, therefore

39 (D---B),=0 [18.39]
400 (DAB),=0 [18.40]
On substituting equations [18.39] and [18.40] in equation[18.38] gives

41) Sl(dual) =(D--B),+(D:-B), [18.41]

It is evident from equation [18.38] (the second term on the RHS) that there are additional

higher grade power terms inherent in the dual power.

The geometric product of a vector and a trivector is given by equation [2.17]

AB), = (A (B));-1)+ (AAB)) 1) [2.17]
Therefore
42) §,;=(E-D), +(EAD), [1842]

The wedge product of a parallel vector and a trivector is zero, therefore

43) (EAD), =0 [18.43]
On substituting equation [18.43] in equation [18.42] gives

44) S, =(E-D), [18.44]
The dot product of a vector and a trivector is given by equation [2.18]

AB + (=1~ 'BA
(A~ (B)), ) = . 2.18]
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Therefore

45) (E-D), = w [18.45]
46) (E-D), = ¢)E? [18.46]
47) S = F [18.47]
Similarly

48)  Syguan = (H-B); [18.48]
49) (H-B), = pyH? [18.49]
50)  Syauan = HoH* [18.50]
Therefore

51) P = (EH), + ¢*DB), + c*(DB), [18.51]
52) W = (ED), + (HB), [18.52]

In D = 4, both power area density and energy volume density are bivectors and in

addition there is an additional pseudo scalar quadvector power term.

We know that the equations of transformation, i.e., the unipolar induction by Faraday and

the equation of convection, are valid at the same time.
E=vx(B), — v L E L (B), [1.13]

H=-vx{{D), — v L H 1L (D), [1.14]

This means that the velocity v is perpendicular to E and <B>2 and H and (D>2 at the

same time. This implies that there must exist a 4t space dimension even though we

cannot visualise it. This is exactly the same situation with the time dimension in

anil@anilgoel.com Proprietary and Confidential


mailto:anil@anilgoel.com

s1s

RA-DIANT 0: Page 136 of 160

Minkowski spacetime which is perpendicular to three space dimensions which has been

widely accepted even though we cannot visualise it.

Figure 18.1

Fragmented Equations of Transformation

Figure 18.2

Unified Equations of Transformation
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The real power clif is
53) P = (EH), + c*(DB), + cX(DB), + c*(DB), [18.53]
The real energy clif is
54y W = (ED), + (HB), [18.54]

The quadvector and sextvector power terms are always present in reality irrespective of
our view and our belief. This is the reason that we are unable to explain certain

phenomena.

It is necessary to acknowledge the existence of the 4th space dimension and to move to

5D spacetime in order to better understand reality. The 5D spacetime is called the

“conformal space” or “conformal geometry”. The basic geometric elements of this space
are spheres and circles: a point is regarded as a sphere of radius 0, a plane as a sphere of

radius oo passing through oo, and a line as a circle of radius oo passing through co. This
means that the conformal geometry is a geometry of curved spacetime and hence

general relativity.

Since the last term of equation [18.53] is a sextvector, even the 5D spacetime is not

sufficient and it is necessary to work with 7D spacetime to get closer to the true nature of

reality.
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19. Unaccounted Power Volume
Density

The Poynting theorem is

oW
" V.-P=———-]J-E [19.1]
ot

The power area density [18.35] is

(P), = EH + ¢’DB [18.35]
2) P=ExH+c*DxB) [19.2]
3) V.-P=V-(ExH)+c*V-(DxB) [19.3]

According to Vector algebra
4 V-(AxB)=(VxA)-B—(VxB)-A [19.4]
Therefore

5 V-P=(VXE)-H—(VXH)-E+c*((VXD)-B—(VXxB)-D)) [19.5]

On substituting the Ampere-Maxwell law [1.9] and [1.9a], and the dual Ampere-Maxwell

law [1.50] and [1.50a] into equation [19.5] gives

oD
VxH——=] [1.9]
ot
VxB | ok J [1.94]
" .9a
c2 ot #o
oB
VxE4+—=V [1.50]
ot
VxD+ I H \Y {1.50a]
__=€ . a
c2 ot 0
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RA-DIANT
0B 0
V.-P=(-——+V).H-(—+J) E
ot ot
(6) [19.6]
+c? —LE+€V B - LE+ J)-D
c? ot 0 c? ot Ho
JB oD oH ,
V-P=—— - H+V-H-— -E—-J-E—- — .B+¢c?V-B
ot ot ot
(7) [19.7]
s D 2J-D
— — — C .
or Ho
oE oD oH 0B 5
V-P=——-D-— . E—— -B—— -H-=J-E—pyc2J-D
(8) ot ot ot ot [19.8]
+V-H+¢,c>V-B
OE. oD oH 0B )
VP=—(—-D+— -E+— -B+— -H| — J- (E + pyc*D)
9) ot ot ot ot [19.9]
+V-(H+€0c2B)
V.-P ( oK E + ok E + oH H + oH H)
. = —\| €n— €n— - —_— —_—
(10) 0 O ot 075 Ho75 [19.10]

— J - (E + ppc’D) + V- (H + €,c’B)

oE oH

oE oH
P=-=2 GOE'E'F,MOE'H - 2J-E+2V-H [19.12]

The energy volume density [18.37] is

(W), =ED + HB [18.37]

13) W

=E-D+H-B [19.13]
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oW  OE oD oH oB

(149 —=—-D+—-E+— -B+—H [19.14]
o ot ot ot ot

vy W _ OB L OB L OH L oH .
_:€_o €_. — . —_— .
o ot O ot Ho7oy Ho7oy

(16) oW 2 ok E+2 oH H [19.16]
— 6—. _— .
ot 075t Ho75

(17) W (e g n [19.17]
—_— 6—- —_— .
or or T

On substituting equation [19.17} into equation [19.12] gives

oW
(18) V-P=—7 - 2J-E+2V-H [19.18]

AV oW [ AV AV AV
a9 V-P (22 )= (22— 25 E( 22 ) 42v-H(ZE)  [o19
m3 ot \ m3 m3 m3

where

V - P is the power volume density flow out of the volume

oW
6_ is the rate of change of the energy volume density
1

2J - E is the power volume density consumed by the outward spiralling magnetic current

2V - H is the power volume density released by the inward spiralling electric potential

The equation [19.19] represents the COMPLETE POYNTING THEOREM. The
unaccounted power volume density term 2V - H can been seen as the HEAVISIDE

ENERGY FLOW or the ENERGY FROM SPACETIME.

On substituting Ohms law [1.53] and the dual Ohm law [1.58] in equation [19.19] gives

V =n,H [1.58]
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oW

(20) V-P =—7—200E'E+27]0H'H
oW

(21) V.P= —7 — 200E2 + 21’]0H2

On substituting equation [19.17] in equation [19.21] gives

OF o o

For materials, ,equation [19.22] becomes

oE oH
23) V-P=-2 €EE+”EH —2GE2+2}’]H2

H 1., oH o (1,
25) HiH=-H’—H - —=—(=H
0 2 ot or\2

On substituting equation [19.24] and [19.25] in equation [19.23] gives

J (1_, J0 (1 5 5
26) V.-P=—-21e—|(=E|+u—|—-H — 20E” + 2nH
ot \ 2 ot \ 2

oE? oH?>
27) V-P=-¢ — U — 20E? 4 2nH?
ot ot

The electric energy stored in the capacitor is

28) W=m (¢E?) dV

[19.20]

[19.21]

[19.22]

[19.23]

[19.24]

[19.25]

[19.26]

[19.27]

[19.28]
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30) W= (U? %

31) W=CU?
€
where C = 7 is the capacitance of the capacitor

The magnetic energy stored in the inductor is

35) W=LI

A
where L = 'u—, is the inductance of the inductor loop
S

On substituting equation [19.31] and [19.35] in equation [19.27] gives

36) V-P=—CU?>-LI*>-20E*+2yH?

[19.29]

[19.30]

[19.31]

[19.32]

[19.33]

[19.34]

[19.35]

[19.36]
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V-P = - CcU?
Power Volume Density Stored Electric Energy
- LI?
Stored Magnetic Energy
37) J 5 J [19.37]
— 20E
Energy Used by the Load
+ 2nH?
Total Energy Induced
The dual power area density [18.16] is
Therefore

The effects of S L(dual) @€ much more pronounced and easily observable when we work

with media that are polarisable by electric fields and magnetisable by magnetic fields.
These material properties evoke additional fields in the media, polarisation P and

magnetisation M. The resulting total electric displacement field is:

For magnetic materials, the induction is the sum of the magnetic field H and

magnetisation M:B, ;,,,;) = uo(H + M) [19.43]

43) S (guan = c*(egE + P) X po(H + M) [19.44]
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1
€0

For Magnetic Materials

The second term E X M in equation [19.47] gives the additional unaccounted power

density when we work with magnetic material, for example, in an electric motor.

For Polarised Media

1
€0

The second term —P X H in equation [19.48] gives the additional unaccounted power
€0

density when we work with polarised material for example a polarised capacitor.
The real power clif is
P = (EH), + c>(DB), + c*(DB), + ¢*(DB), [18.42]

The quadvector and sextvector power terms are always present in reality irrespective of
our view. This is one of the key reasons that the prevalent theory of electromagnetism
cannot be corroborated with free energy devices and many experimental results and

continues to plague human collective consciousness.

19.1. Additional Analysis

The equations of transformation are
E=vXxB [1.13]

H=-vxD [1.14]
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Sincev L B
48) E =vB [19.49]
Sincev L D
49) H=-vD [19.50]

On substituting equation [19.49] and {1950} in equation [18.35] gives

(P), = EH + ¢’DB [18.35]
500 P =—v?BD+ ¢’DB [19.51]
2
— 2
51) P = 1——2 c“DB [19.52]
c
2
52 P= (1 _ v—) EH (19.53]
c2
»2
Forv<c¢ — — < 1 in case of special relativity, the magnetic field [14.35] and electric
c

field [14.36] are

1
H= — [ Ho [14.35]
-2
1
E = — [ Eo [14.36]
-2
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Therefore
2
1
1%
=3
On substituting equation [19.54] in equation [19.53] gives
1
2
1
55) P = > P, [19.56]
\%
2
v2

Forv>c¢— ) > 1 in case of general relativity there will be an ever increasing

c

electric and magnetic field, which generates ever increasing power, for example, in the

case of a decaying electric field in the conductor [6.40] and a magnetic field in the non

conductor [6.106]. This is precisely what happens in the RA device during the trailing

edge of the pulse in the input coil.

VEc(decay) = 1618C

Van(decay) = 16180

[6.40]

[6.106]

anil@anilgoel.com

Proprietary and Confidential


mailto:anil@anilgoel.com

s1s

RA-DIANT 0: Page 147 of 160

20. Scalar Potential and
Magnetic Vector Potential

The scalar potential ¢ and magnetic vector potential A is missing from the

comprehensive table of duality.

This is due the fact that when William Thomson introduced the concept of vector A
potential, it was purely based on mathematics by appropriately satisfying the Gauss law

with no so called magnetic monopoles.
1 V:-B=0 [20.1]
@ V-(VxA)=0 [20.2]

This is analogous to imaging a circle as a straight line and trying to figure out properties
of the circle and build it with a ruler and a square set. Once it is realised that the original
entity is a circle, all its properties can be determined without fragmentation and it can be

built perfectly with simple compass (right tools).

Similarly the scalar potential ¢ was introduced purely based on mathematics by

appropriately satisfying the Coulomb law.

@ V.E=%X 20.3]
€0
Pe
4 V- (=Vg)=— [20.4]
€0
65) Vi =-— Pe [20.5]
€0

Both the scalar potential ¢) and magnetic vector potential A, are poor substitute for

electric potential ¢, and electric voltage area density V respectively. They distort reality

and obscure the true nature of things. However, they do indirectly measure them in

convoluted way. They did evolve our understanding and served their purpose well until
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now in the absence of so called magnetic monopoles i.e electric potential ¢,and electric

voltage area density V.

The scalar potential ¢p represented electric potential ¢, which is a perfect analogue to

magnetic charge g. Similarly, magnetic vector potential A represented the electric voltage

area density V, which is a perfect analogue of then magnetic current area density J.

Table 20.1
Duality
Electricity Magnetism

Description Symbol Units Description Symbol Units
Scalarpotential | ¢ avs
Eftcet:ticm Py W S % ?;"higrSZt'C C=A4s
Magnetich A =
potential m
Secic vty Y ommias ] 2

m density m

With the discovery of law of duality and new unknown quantities i.e. the electric potential
¢, electric voltage area density V and parallel interaction between the electric field and
the magnetic field in conjunction with electromagnetism in curved spacetime using the

appropriate mathematical tools such as the Clifford algebra, we would be able to a make

quantum leap in our understanding of nature of reality.
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21. Horst Eckardt

Horst Eckardt, PhD, was born in Lower Saxony, Germany. After graduating from high

school in 1973, he studied physics at the Technical University of Clausthal-Zellerfeld.
There, he received his master's degree and his doctorate in theoretical solid state
physics. His doctoral thesis dealt with the calculation of the optical properties of metals
using numerical calculation methods. Thus, he also acquired basic knowledge in
programming and working with computers. In 1985 he then switched to industry, to
Siemens AG in Munich. There he worked in research and development, initially in the field

of computer architectures, later in hardware and software application areas.

On a private basis, Horst Eckardt dealt with the basics of alternative energy production,
for which he was able to make good use of his knowledge in physics. As early as 2004 he
recognized the great importance of the Einstein-Cartan-Evans (ECE) theory, which the
Welsh physicist and chemist Myron Evans had been developing since 2003. From around
2005, Horst Eckardt actively contributed to the development of the ECE theory by
introducing the use of computer algebra. This caused a significant acceleration in
development and was a guarantee for the mathematical correctness of the results. Horst
Eckardt then contributed to the further development of the content and became a co-
author of most of the 450 scientific papers that Myron Evans produced until his sudden
death in 2019. Horst Eckardt has recently expanded the theory so that it can also provide

an answer to very fundamental natural-philosophical questions.

While working with Myron Evans, Horst Eckardt was appointed Director of the AIAS
Institute (Alpha Institute for Advanced Studies), which Myron Evans founded in the 1990s.
Horst Eckardt is also President of UPITEC (Unified Physics Institute of Technology), a
non-profit association founded by Sean MacLachlan in the USA. Dr Eckardt is a leading
scholar in the field of unified physics based on ECE theory, an area that has been pursued
by practitioners for nearly 20 years. In addition to the development of the ECE theory,
Horst Eckardt deals with the application of its results to technology, in particular to
alternative methods of energy production. The AIAS Institute has developed various
propositions for application in its articles. The aim of the institute is to promote technical

progress in order to improve people's quality of life.

anil@anilgoel.com Proprietary and Confidential


mailto:anil@anilgoel.com

|
NS

RA-DIANT 2o3 Page 150 of 160

22. Anil Goel

Anil is the Founder and Creator of Ra Device - A Next Generation Renewable Energy
Device.

Previously he was the Founder and Creator of Wayz - A Next Generation Mobility Platform
and Ways - A Next Generation Tolling Platform. Ways Tolling Platform was commercially
deployed at Rajiv Gandhi Sea Link Toll Plaza in Mumbai (attached MEP letter of
appreciation and RGSL case study).

Previously he was the Founder and Creative Director of Meem Memory Cable. He was

responsible for complete Product Development, Software and Hardware Development, ID
and Interaction Design, Supply Chain, Manufacturing i.e. every aspect that is required to
put the product into the box. He successfully converted his original concept into a fully
certified product and has been granted patents for the same in EU, US and other

countries.

With MEEM head office in London, Anil single handedly managed development office in
Bangalore, design office in Milan and manufacturing in China. He also fostered strong

relationships with top management in Toshiba, and other key partners.

Two of his innovations were Finalist in Bell Award 11th Edition (held in February 2021) in
the Transport Tech Category namely Ways - Next generation tolling Platform (winner) and

Wayz - Next Generation Mobility Platform (patent granted in UK).

He studied Post Graduate Diploma in Film & Television from University of Bristol, UK. He
also holds an MBA from JBIMS, University of Bombay, and B.E. in Civil Engineering from

Delhi College of Engineering, India.

Publications & Patents

1. A method of collecting travel fares in a transport system

A Next Generation Mobility App to replace RFID card.

Priority Date: 13 April 2018

Status: Granted in UK and US (Notice of Allowance). Abandoned due to lack of
funds in EU and Application Pending in India
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2.

System and method of operating an email service for mobile telephone

A Next Generation Messenger App with mobile number as email ID.

Priority Date: 19 December 2017

Status: Granted in UK, EU (Intention to Grant) and US (Notice of allowance).
Application Pending in India

Systems, methods and computer program product for operating electronic toll

collection Page 24

A mobile App to prepay the toll fees for a journey and when the user vehicle arrives at
the toll plaza, it is automatically recognised by its licence plate and opens the barrier
gate if the toll fees has been prepaid.

Priority Date: 19 April 2017

Status: Applied only in India due to lack of funds. Just received the First Examination

Report after 3 years with minor objections.

Zero no-load usb power supply and a method for controlling the power

consumption of a usb power supply

A USB charger that ejects the USB cable and switch itself off as soon as the mobile
device is fully charged to save the vampire power.

Priority Date: 1 October 2010

Status: Granted in EU and US

QWERTY keypad for handheld mobile computer

A ergonomic two thumb QWERTY keypad to significantly increase typing speed on
mobile devices.
Priority Date: 21 November 2007

Status: Abandoned due to lack of funds

Cable with memory

A USB cable that back-up all the data on the mobile device in the cable itself while
charging.
Priority Date: 30 October 2007

Status: Granted in EU, US and other countries
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23. Appendix

—

Mep - Letter of Appreciation

N

)
) Graham Bell - Ways Tolling Award Certificate

) Graham Bell - Wayz Mobility Award Certificate
) Patent Grant Certificate - Wayz Mobility

) US Patent Notice of Allowance - Wayz Mobility
)

)

)
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Patent Grant Certificate - Xcess

~

US Patent Notice of Allowance - Xcess
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Red Dot Awards-MEEM
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23.1. Mep - Letter of Appreciation Mep

T+91 226741 2222 e B1 - 406, Boomerang, Chandivali Farm Road,
F+971 226741 2244 Mear Chandivali Studis, Andberi (£), Mumbai - 400 072
E investarrelatlons@mepinfracom W wiwwe.mepinfra.com CIM: L45200MHZ002PLCT 38779

To Whosoever It May Concern

MEP Infrastructure has more than 18 years of experience in Toll Operations across
India. Considering the complexity of the behaviour of Indian Road Users and
challenges we faced every day to tackle those challenges, we worked very closely
with Mr Anil Goel, who was developing the ANPR {Automatic Number Plate Reading)
based toll collection system.

Based on our extensive experience in Toll Operations and working the Ways Tolling
Platform, we can say that it is the best, quickest, convenient and most refiable toll
collection system.

In India where there is no uniformity in vehicle number plates fonts, we achieved more
than 95% accuracy in reading vehicle number plates. The system is tried and tested
for a year at our RGSL toll plaza.

As per directives of MSRDC our prineiple employer for RGSL Toll plaza we had to
stop using the Ways Tolling platform which required to implement and use Fastag
RFID program only as per provision in our concessionaire agreement with MSRDC.

This event has no reflection on Ways Tolling Platform performance and Mr Anil Goel
abilities to deliver on his commitments & contractual obligations to the finest degree.

We wish all the very best to Mr Anil Goel for his future ventures and look forward to
work with him very soon.
Thanks

For MEP Infrastructure Developers Ltd

CEQ { Toll Operations)
5th May 2021

INFRASTRUCTURE
DEVELOPERS LTD,
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23.2. Graham Bell - Ways Tolling Award Certificate

Supported by

@ | GRAHAM BELL
| AWARDS

L]
Skill India

v g o

;::e:fyra\mtion
This is to certify that ANIL GOEL'S WAYS- NEXT GENERATION TOLLING PLATFORM

is the winner at the 11th Aegis Graham Bell Award 2020 in the category of

INNOVATION IN TRANSPORT TECH

Initiative of Powered by

Prtyh= Gonpa dhgoy

Dean Aegi S m n i | DIGITAL
Dr Abhijit Gangopadhyay RS CAMPug | VILES

SCROUL OF CYERE \H\’
SCHOL 0F THICOIMUNICATION
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23.3. Graham Bell - Ways Tolling Award Certificate

Supported by

it | GRAHAM BELL
&\ AWARDS

@ Maharashtra @
State Innovation
i Skill India
g Society g

This is to certify that ANIL GOEL'S WAYZ NEXT GENERATION MOBILITY PLATFORM
is the finalist at the 11th Aegis Graham Bell Award 2020 in the category of
INNOVATION IN TRANSPORT TECH

Initiative of Powered by

Pty dm Gonpa Aoy
Dean Aegi S w n i | DIGITAL
:::: \‘?:::'\m‘ CAMPUS

Dr Abhijit Gangopadhyay b SERVICES
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23.4. Patent Grant Certificate - Wayz Mobility

Intellectual

o™ Certificate of Grant of Patent

Patent Number: GB2572816
Proprietor(s): Anil Goel

Inventor(s): Anil Gocl

This is to Certify that, in accordance with the Patents Act 1977,

a Patent has been granted to the proprietor(s) for an invention entitled " A
method of collecting travel fares in a transport system” disclosed in
an application filed 13 April 2018.

Dated 23 September 2020

A

Tim Moss
Comptroller-General of Patents, Designs and Trads Marks
Intellectual Property Office

The attention of the Proprietor(s) is drawn to the important notes overleaf,

Intglleciual Property Office is an operating name of the Patent Office
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23.5. US Patent Notice Of Allowance - Wayz
Mobility

Uxrrep STares PATENT AND TRADEMARK OFFICE

UNITFD KT ATFS DEFARTVENT OF COVATERCE
Unifed States Patent and Trademark Oice
Aditrose COMMISSIONER FOR PATERTS

PO Bos 148U

Az, N gz 22008 123

Wi ISP LR

NOTICE OF ALLOWANCE AND FEE(S) DUE

45812 T390 Iz I EXAMINER I
Law Otfice of Michael D. Eisenberg VO.TUYEN KIM
Intellectual Property Law
1991 Village Park Way | ARTURIE I PAPLR KU AIBER |
Snite 202C ik

ncinitas, CA 92024
Lncinitas, CA 92 DATE MAILEI: 107220022

APPLICATION N FILING DAL FIRN T KANMED INVENTONZ l ATTORNEY 1XICKIT Ny CONFIRNATION NO)

17017208 161342020 Anil Goel GOEL-PRCS 5

TITLE OF INVENTION. A et of cellecting as el Tares g ranspunt system

APPLN.TYPE LNTITY STATES I ISSULE FEE I l PUBLICATION FEE DUE | PREY. PAID [SSUE JEE l TOTALTRES DU I DATE DU

nonprovisional MICRO S0 S0 30.00 $30n 272023

THE APPLICATION IDENTIFIED AROVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT.
PROSECUTION ON THE MERITS IS CLOSED. TIIIS NOTICE OF ALLOWANCE 1S NOT A GRANT OF PATENT RIGIHTS.
THIS APPLICATION IS SUBJECT TO WITIIDRAWAL FROM ISSUE AT THE INITIATIVE OF THE QFFICE OR UPON
PETITION BY THE APPLICANT. SEE 37 CFR 1.313 AND MPEP 1308.

THE ISSUE FEE AND PUBLICATION FEE (IF REQUIRED) MUST BE PAID WITHIN THREE MONTHS FROM THE MAILING
DATE OF THIS NOTICE OR TIIIS APPLICATION SHALL BE REGARDED AS ABANDONED. TIIIS STATUTORY PERIOD
CANNOT BE EXTENDED. SEE 35 U.S.C. 151. THE ISSUE FEE DUE INDICATED ABOVE DOES NOT REFLECT A CREDIT
FOR ANY PREVIOUSLY PAID ISSUE FEE IN THIS APPLICATION. IF AN ISSUE FEE HAS PREVIOUSLY BEEN PAID IN
THIS APPLICATION (AS SHOWN ABOYVE), THE RETURN OF PART B OF THIS FORM WILL BE CONSIDERED A REQUEST
TO REAPPLY THE PREVIOUSLY PAID ISSUE FEE TOWARD THE ISSUE FEE NOW DUE.

HOW TO REPLY TO THIS NOTICE:

I. Review the ENTITY STATUS shown above. If the LNTITY STATLS is shuswn as SMALL or MICRO. verify whether entitlement to that
entily status still applies.

It the ENTITY STATUS is the same as shown above, pay the TOTAL IEL(S) DUL shown above.

If che ENTITY STA'TUS is changed fraom that shown above, an PART B - FEE(S) TRANSMITTAL. complete seetion number 3 titled
“"Change in Lntity Stutus (from status indicated above)".

[For purposes of this notice, small entity fees are 1/2 the amount of undiscounted fees. and micro entity tees are 1/2 the amount of small entity
fees,

I PART B - FEE(S) TRANSMITTAL, or s equivilent, st he complered and returned ta the Limred States Parent and Trademark Office
(USPTOY with your ISSUE FEL and PUBLICATION FLEL (if required) If you are charging the fee(s) to your deposit account. section "4h"
of Part B - Fee(s) Transmittal should be completed. Tf an equivalent of Part B is filed, a request to reapply u previously paid issue fee must be
clearly made, and delays in processing may accur due to the difficnlry in recognizing the puper as an eguivalent of Part B,

HI Al conumunications regarding this application must give the application number. Please direct all communications prior ta issuance to Mail
Stop ISSUL FEE unless advised to Lhe contrary.

IMPORTANT REMINDER: Maintenance fees are due in utility patents issuing on applications filed on or after Dec. 12, 198{).
It is patentee's responsihility to ensure timely payment of maintenance fees when due. More information is availahle at
www.uspto.gov/PatenthaintenanceFees,

Puge 1 of 3

ITOL-85 (Rev. b2
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23.6. Patent Grant Certificate - Xcess

r&?" tual
ome”  Certificate of Grant of Patent

Patent Number: GB2569784
Proprietor(s): Anil Goel

Inventor(s): Anil Goel

This is to Certify that, in accordance with the Patents Act 1977,

a Patent has been granted to the proprietor(s) for an invention entitled
"System and method of operating an email service for mobile
telephones" disclosed in an application filed 19 December 2017.

Dated 1 January 2020

.

Tim Moss
Comptroller-General of Patents, Designs and Trade Marks
Intellectual Property Office
The attention of the Proprietor(s) is drawn to the important notes overleaf.

Intellectual Property Office is an operating name of the Patent Office
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23.7. US Patent Notice Of Allowance - Wayz
Mobility

Unrrin Srartes PATeNT AXD TRADEMARK OQreice

WA Bl

NOTICE OF ALLOWANCE AND FEE(S) DUE

15812 <o ORIA2N22 I IRAMINE K I
Law Office of Michacl D. Eisenberg DU, ZONGHUA &
Intellectual Property Law
1991 Village Park Way I ARUUNIT I FANER NUMEER I
Suite 202C i

2T s N R Rs
Locinitas, CA 92024 DATE MAILED: %7152022

APPLICATION NO FILING DT FIRST NAMIED INVENTOR ATTORNEY 1XOCKIT NG CONFIRMATION NO

1638048 e 5720200 Anil Gawl GOEL-POU2 132

TUTLE OF INVENTION System And Method Or Opezaing &2 Enadl Scrvice For Muokile Telephones

APTIN. TYPR TXNTITY STATUS ISSLF FRF MIF PURLICATION FEE DUE | PRTV. PATD ISSITF FRE TOTALFEFS DUT TATETF

nanpzovisional MICRO 53K hXEH SUIKy EXVIY] I 222

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT,
PROSECUTION ON THE MERITS IS CLOSED. THIS NOTICE OF ALLOWANCE 1S NOT A GRANT OF PATENT RIGHTS.
THIS APPLICATION IS SUBJECT TO WITHDRAWAL FROM ISSUE AT THE INITIATIVE OF THE OFFICE OR UPON
PETITION BY THE APPLICANT. SEE 37 CFR 1.313 AND MPEP 1308.

THE ISSUE FEE AND PUBLICATION FEE ([F REQUIRED} MUST BE PAID WITHIN THREE MONTHS FROM THE MAILING
DATE OF THIS NOTICE OR THIS APPLICATION SHALL BE REGARDED AS ABANDONED. _THIS STATUTORY PERIOD
CANNOT RE EXTENDED. SEE 35 US.C. 151, THE ISSUE FEE DUE INDICATED AROYE DQES NOT REFLECT A CREDIT
FOR ANY PREVIOUSLY PAID 1SSUE FEE IN THIS APPLICATION. 1IF AN ISSUE FEE HAS PREVIOUSLY BEEN PALD IN
THIS APPLICATION (AS SHOWN ABOYE), THE RETURN OF PART B OF THIS FORM WILL BE CONSIDERED A REQUEST
TOQ REAPPLY TIIE PREVIOUSLY PAID ISSUE FEE TOWARD TIIE ISSUE FEE NOW DUE.

IMOW TO REPLY TQ THIS NOTICE:

I. Review the ENTITY STATUS shown above, If the ENTITY STATUS is shawn as SMALL or MICRO. verity whether entitlement to that
entity stutus still applies.

It the ENTITY STATLIS is the sume as shown ahove, pay the TOTAL FEE(S) DUE shown abave,

I the ENTITY STATUS is changed {rom that shown above, an PART B - FEF(S) TRANSMITTAL, connplete section number S titled
“Change in Enlity Status (fram statns ndicated abave)”.

lFor purposes of this notice. small entity fees are /2 the amount of undiscounted fees. and micra entity fees are 1/2 the amount of small entity
fees.

11 PART B - FEE{SY TRANSMITTAL. or its equivalent. must be completed and retucned to the United States Putent and Trademark Otfice
(USPTOY with your ISSUL FEE and PUBLICATION FEE (if required). It you are charging the feeist to your deposit account. section "4b"
of Purt B - teeds) Transmiltal shauld be completed. IF an equivalent of Part B is Filed, o request ta reapply a previausly paid issue fee most be
clearly made. und delays in processing may oceur due to the difficulty in recopmizing the paper as an equivalent of Put B.

111 All communications regarding this application must give the application number. Please direct all communications prior te issuance ta Mail
Stop ISSUL FLEE unless advised to the contrary.

IMPORTANT REMINDER: Maintenance fees are due in wtility p ; issuing on applicati filed on or after Dec, 12, 1980,
It is patentee’s responsibility to ensure timely payment of maintenance fees when due. More information is available at
www. uspto.gov/PatentMaintenanceFees.
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23.8. Red Dot Awards - MEEM

& Q &

reddot network

Il

User Interface Design

MEEM

& Back Download ¥

& Back Download

MEEM, a charging cable and app, automatically backs up the data stored on a smartphone to the cable itself every
time the phone's battery is charged. It can be used like any other charging cable, and neither a PC nor a cloud is
needed. Backups according to individual settings are possible, comprising all content such as contacts, calendar,
messages, photos, videos and music. Accidently deleted items or the entire phone's state of the last backup are
easily restored. In addition, the app allows data to be selectively synced between different phones.

&
reddot award 2016
winner

Credits

|dea:
Anil Goel, AG, Delhi

Design:
jozeph forakis ... design, Milan

Client:
MEEM Memory Ltd, London

UI_/UX Design:
Stefanija Najdovska, MEEM Memory Ltd, Milan Takumi Yoshida, Simon Drexler, Jan-Cristoph Zoels, Experientia,
Turin

Design Direction:
Jozeph Forakis
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