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Abstract A frame of reference that is accelerating or rotating or accelerating and rotating is known as noninertial frame of
reference. The transformation matrix for noninertial frame of reference is universal in the sense that all the spacetime laws of
physics remain same for all observers in their original form after transformation which is the basic requirement of Einstein’s
principle of relativity (EPR). Electrodynamics in universal noninertial frame based on single transformation law for
4-vectrors and tensors (STL) under universal Lorentz transformation matrix (ULTM) predicts zero-point electrodynamics
within usual electrodynamics. As a consequence of transformation of electromagnetic field (EMF), Maxwell’s equations
(ME) and conservation law in tensor form gave rise to zero-point or new symmetry terms of EMF, ME and conservation law
along their corresponding diagonals. Zero- point terms or Singularities FH, Fi” and F*:{L are the representatives of
zero-point EMF, Maxwell’s equations and conservation law respectively. Matrix method and Einstein’s summation method
are employed. Both methods give the same results up to the transformation of EMF and ME but they differ in the
transformation of conservation law. Matrix method obeys usual conservation law but Einstein’s method gives zero-point
origin of 4D electromagnetic wave and conservation law becomes 7D wave. The most beautiful consequence of STL is the
emergence of complete structure of zero-pint electrodynamics without affecting the usual form of electrodynamics. The
model completely obeys EPR, conservation law and symmetry. Besides this, electrodynamics, inertia and gravitation in
noninertial coordinate metric predict zero-point energy, zero-point Maxwell’s equations as power-force and zero-point
conservation law as 4D wave of energy. These results are also predicted by Lorenz transformation in 2D as well as in 4D but
with Lorentz factor given in appendix. These discoveries will provide an unending source of power for space vehicles. An
independent theory of zero-point electrodynamics is also developed where complete electrodynamics is obtained.

Keywords Universal Lorentz Transformation for Noninertial Frame, Single Transformation Law for 4-Vectors and
Tensors, Purely Zero-Point Model of Electrodynamics, Inertia and Gravitation, Zero-Point Origin of 4D EM wave,
Conservation Law as 7D EM Wave

In Einstein’s relativity theory, time and space, energy and
momentum, Gauss’s law and Ampere’s law are relative but
as a whole no explanation for spacetime, energy-momentum
and Gauss’s law -Ampere’s law respectively. In principle,
spacetime as a whole must appear same for all observers such
that length contraction must be balanced by time dilation by the
same amount. In the same manner, combination of energy
and momentum, Gauss’s law and Ampere’s law must appear
same for all observers independent of inertial and noninertial
frame. According to EPR, all the spacetime laws of physics
must remain same in every frame of reference. In other
words, spacetime laws of physics must appear same for

1. Introduction

Albert Einstein left a great treasure of knowledge as heritage
for coming generations. He taught us the methodology of
doing spacetime physics in the language of 4-vectors and
tensors. His work is legendary. On the other hand, Maxwell’s
work provided a physical interpretation of electromagnetic
laws in unified framework. Einstein’s presentation of
Maxwell’s theory in the language of tensors and 4-vectors
has opened newer possibilities. Principle of relativity has
been waiting for its complete validity and now it is getting its

universal status for all observers in noninertial frame.
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all observers. Time and space individually are relative but
their combination must appear same to all observers. On
investigation, it is found that 4-vetors and tensors as a whole
do not remain same under usual Lorentz transformation (LT).
The constancy of speed of light doesn’t imply the form
invariance of all the spacetime laws of physics. Speed of
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light ¢ is time component of 4-velocity that doesn’t remain
same as a whole under LT. In principle, 4-velocity must
appear same for all observers that doesn’t put any constraint
on the constancy of speed of light. In the context of
relativistic electrodynamics, Maxwell’s equations in tensor
form must appear same to all observers with Gauss’s law
and Ampere’s law as relative concepts. Actually, due to
unavailability of ULTM and STL for 4-vectors and tensors,
EPR remained in trouble. In the present paper, spacetime
electrodynamics is developed in noninertial frame based on
STL for 4-vectors and tensors and ULTM for noninertial
frame of reference that is accelerating with constant
acceleration and rotating with constant angular speed. In this
framework, all the 4-vectors, tensors, inner product of
4-vectors, inner product of tensors and 4D wave operator
remain same for all observers. In our previous paper [1], all
of these relations remain same for all observers based on
ULTM for inertial frame of reference. The results of both
models are in complete agreement given in the table-1. It is
to be noted that ULTM for inertial and noninertial frame are
valid for both frame that provides us the actual spirit of EPR,
conservation law and symmetry.

The technique of STL for 4-vectors and tensors in spacetime
physics is uncovering the hidden world of physical theories
not only in electrodynamics but also in the theories of inertia
and gravitation in the context of noninertial metrices [2].
Furthermore, application of STL is not confined only to
ULTM for inertial and noninertial but for any transformation
matrix e.g. in usual Lorentz transformation matrix in 2D and
4D. The validity of EPR, conservation law and symmetry
principle depend upon the nature of transformation matrix.

Spacetime physics in noninertial frame is needed to
understand our physical world as the most of the natural
systems are noninertial like our planet itself is a noninertial
frame. Large Hadron Collider (LHC) setup is a noninertial.
Particle accelerators are also noninertial systems. The
accelerating expansion of our universe is the recent empirical
evidence in this context. The most important thing about
any physical theory in noninertial frame is to obey EPR,
conservation law and symmetry principle. In the contemporary
world of spacetime physics, there doesn’t exist a single
model that fully obeys the above principles. In this paper,
we shall mainly focus on the transformation of relations of
electrodynamics as it is one of the well-understood physical
theories and nicely fits in the framework of relativity.

The earlier models [1-2] motivated to develop a framework
for such situations where bodies are moving with constant
acceleration a and rotating with constant angular velocity w.
So ULTM for noninertial frame and STL is constructed to
understand general relativity in a very simple language with
which we are already familiar. This framework is valid for
inertial as well as noninertial frame. The most difficult
problem was to introduce acceleration and rotation in
4-position coordinate. Since speed of light c is taken as
the time component of 4-velocity so its derivative with
respect to time gave zero for time component of acceleration
in the context of special relativity. In general relativity

4-acceleratin must contain its time component. Furthermore,
special relativity and general relativity must appear as only
theory of relativity. For this adventure, a consistent choice
of coordinate is required. By choosing x° = cft = cwt?
and x! = (x, y, z) have the dimensions of distance so
4-position coordinate x* = (cwt?, x') is considered such
that 4-velocity v* = (cwt, v') and 4-acceleration becomes
a* = (cw, a'). Here cw is time component of
4-acceleration. It has not only generalized special relativity
to general but a jump towards the higher order effects like
time varying acceleration or jerk (3—: =j) in modern
mechanics. Electrodynamic relations viz. 4-current density,
EMF, ME, conservation law and wave operator are
transformed under ULTM and STL for 4-vectors and
tensors. New symmetry terms are observed along the
diagonal of EMF, ME and conservation law written in
tensor components form. These symmetry terms contribute
to validate conservation law and original form of the
physical quantities after transformation. It is important to
note that hidden structure of electrodynamics is affected by
the frame of reference but the usual structure is independent
of this effect. The results of our earlier model based on
ULTM for inertial frame when reviewed recently [1] found
in complete agreement with the results of present model.

An extraordinary consequence of STL for 4-vectors and
tensor is the existence of an independent model of purely
zero-point theory of electrodynamics The results are
presented in tale-2 and table-4. Our model is entirely different
from the contemporary models on electrodynamics in
noninertial frames [3-9]. Accelerating expansion of our
universe and search for dark energy and matter are discussed in
[10-12] but our approach will be different from them.

The problem of zero-point energy, zero-point field (ZPF)
Lorentz force (Magnetic Force) as the origin of inertia are
very popular topics in contemporary world [13-14]. The
applications of zero-point energy and ZPF is also interesting
for future space vehicle propulsion addressed in [17-22]. In
our models [1,2] and [23], zero-point world is naturally
present as an integral part with definite origin.

Model-1: Model of Electrodynamics in Universal
Noninertial Frame

Notations in this model are adopted according to modern

approach of relativity. Greek alphabets y, v, a, B, ...runs

from O to 3 and Latin letters i, j, k, ... from 1 to 3. Comma (,)
O0E

denote partial differentiatione. g. Ey = PN Partial derivative
of electric field w. r. t. time, E; = Z—i Partial derivative of
electric field w. r. t. x-axis, E; = ‘;—5 Partial derivative of
electric field w. r. t. y-axis, E3 = Z—i Partial derivative of

electric field w. r. t. z-axis,

F*Y , means 4-dimensional or spacetime partial derivative
of EMF tensor.

4 dimensional Coordinates x* = (X%, x}, X%, X*) = (ct, X, , 2)
=(ct, x') with x° = ctand X' = (x, y, z). Time component ct is
scalar while space components X' is vector such that x* is the
unification of time and space. The dimensions of all
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components are that of length.

1.1. Development of ULTM in 2D and 4D in Noninertial
Frame

The above matrix acts as a 4 by 4 physical identity matrix.
All the spacetime laws of physics (4-vectors and tensors
including their inner product) remain same in their original
form after transformation in a single step operation.

The incompatibility of Lorentz transformation with EPR Its inverse is
and is resolved by the development of a ULTM and UTL for . —z‘ﬁz
4-vectors and tensors in our recent paper [1]. Here, we get ~ =y 0 0
ULTM for noninertial frame just by replacing (”32237) -z
v a . . . a
- to — in equation (6) of [1]. @) = 332; 1 . 0 0 2
o 2 U-zgp (+zgD
a, o=y 00 0 0 10
o? FoZ 0 0 0 1
L] = 3 1 1 __a?
[ v] c_zzz o 0 0 ( ) Det (LU)—I _ a m)
A== A== v 22
ctw ctw (1+c_207-)
0 0 1 0 . . N . .
0 0 0 14 Its inverse matrix also behaves as physical identity matrix.
a2 Both equations (1) and (2) satisfy the requirement of EPR.
Det L = @ The product of equation (1) and (2), results as an identity
-7 matrix to confirm the validity.
212 212
o ——L 0 o||—% ZZ 0 0
a a a a
-z -z Atz -z 1000
e : do =0y ®
-2 7 0 0||—=% —— 0 0 Jo 0 10
-z U-z2 -z Otz 000 1
0 0 1 0 0 0 1 0
0 0 0 1 0 0 0 1
1.2. ULTM for Noninertial Frame in 4D
This matrix is nothing but 4 by 4 physical identity matrix for noninertial frame
I af a3 a3
1 Cow m CTw
az - a2 - az - az
A-2Z52 -z  (U-zgp A-zZ52
af a3 a3
CTfw 1 Cow CTfw
I-2) (-4p  a-49 a-4>
wi=| = 50y o P (4)
Zo? Zo7 1 Zu?
- 32 - 32 az - 32
I-zgp U -zem G-z A-zZ5?
aj a3 af
Zw? Zw? Zo? 1
- 32 - 32 - az 32
-z Uz G-z (-5
Its inverse again is a 4 by 4 physical identity matrix
_ 2 2 2
at aj a3z
1 Cw C_m Cofw
ﬂz 32 32 az
tzen (e Ugm v
af a3 a3
2w? 1 Zw? 2w?
Uty Aty (hp (4
(Ll.\l;)—l — czw czw c“w czu) (5)
az a3 at
2w? 2w?Z 1 2w
az a2 a2 az
Utzen Utz gm0
a3 aj af
2w 2w?Z 2o 1
az a2 a2 a2
Ut (o Ut At |
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Equations (4) and (5) are ULTM for noninertial frame in 4D.

1.3. The Key Role of Single Transformation Law for 4-Vectors and Tensors
The need of a STL for 4-vectors and tensors is pointed out in [1], here, we mention them directly as

FfL,V = LY FOY =LY, 3¢ (6)
Both sides of equation are transformed under the same transformation law and the results are in complete agreement.
This also implies the validity of transformation of electromagnetic field and conservation law

FHV = LW F* (7)

Flw = LaF Iy = L) ®

STL for 4-vectors and tensors is the decoder of zero-point physics when the tensors are transformed in their component
form. It is valid for any 4 by 4 matrix but principle of relativity, conservation law and symmetry hold only for universal
transformation matrices.

1.4. Application of ULTM and STL in Electrodynamics

ULTM in 2D and 4D give the same results that is all the spacetime laws of physics remain same in their original form after

transformation. Only 2D matrix is used to save the space of expansion of expressions.
Now we apply this transformation matrix transform one example of 4-vector and one for tensor to confirm the validity of

ULTM.

1.5. Transformation of 4-Current Density under 4D ULTM in Noninertial Frame

W= 9)
o a} a
1 — w2 _ 20?2 _ c2p?
32 32 32 32
A-zZ5? -z U-zgp A-zZ52
o a% 1 a% a% 0
J , - waz a2 -— waz - waz [] ]
]1 — (1_c2m2) (1_(22(1)2) (1_c2m2) (1_c2m2) ]1
2|~ a3 a3 o 2
] ' _ cfw _ cfw 1 _ czmz ]3
]3 a? a’ al a2 ]
(=== - (-7 ()
2 2 2
a3z ay at
_ cfw _ cfw _ [} 1
az 212 ﬂz az
(A== (A== A-=Zop Q-7 |
2 2 2 2
at ajy a3z a
]0' — 1 5 ]0 Zw? ]1 _ c2m22 ]2 2w? ]3: 1 0 _ Zw? ]i
-7 G Fp  G-Fp  G-Fp G-dp (g
af a3 a3
Il' - _ c2w22 0 1 ]1 _ czwzz ]2 52w22 ]3
U-zZop G-z G-z -z
2" = 2 1
J2 = e 0+ ) -] o)
-z  (-z5D A-zZz2 A-zZ5?
3 = 1 2
JP= e 0+ - ——=2] v
-z  (-z5D A-zZz2 A-zZ5?
Adding all components on LHS and RHS and arranging common terms on RHS
15 e
. 1 o . 0 :
JO N A P vl B
“zep (e

a2

. 1>
Since —=4%— =10, we have

Q-2

]0’ + Il' + IZ' + ]3' :]O +]1 +]2 + ]3
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J+) =10+
]u' = Ju

The transformation is also true for covariant 4-position J,,
Jo=1 =TJo—]J
Jo = L

Cotravariant and covariant 4-current density densities remain universal for all observers.

1.6. Transformation of Electromagnetic Field Tensor
FHY = LR

Electromagnetic field tensor F*V is related to its components electric field E and magnetic field B as follows

F% =E'and FI = ¢lkB,

(10)
(11)

(12)
(13)

(14)

Electromagnetic field tensor in component form is needed to get new terms along the diagonal of Electromagnetic field. It

is represented as 4 by 4 antisymmetric matrix
'FOO FOl FOZ F03 0 El EZ E3
FlO Fll F12 F13 _El 0 B3 _BZ
FZO F21 FZZ F23 _EZ _B3 0 Bl
_F30 F31 F32 F33 _E3 BZ _Bl 0

2

a

! — A
'FO'O' FO’l’ FO'Z’ FO’B' (1—;2%2) (1—;2%2) 0 El E2 E3
Fl’O’ Fl’l’ F1’2’ F1’3’ a2 _El 0 B3 _BZ
FZ’O’ F2'1’ FZ’Z’ F2’3’ = C_ZZ; 132 0 0 _EZ _B3 0 Bl
|F3'0° 31 F32 R3¥ -z A-Z2 —E3 B? -B! 0
0 0 1 0
0 0 0 1
Zero-point terms are indicated by red color to understand their origin in the form of equations
'FO’v’
Fl'v’
FZ'V'
[F3Y
a2 a2 a2 .
A== A== A== A== A== A -
az az az
———EF' - ol E2 +—— B3 ol g2 B?
A-252) Q-2 A-252) A=z A -252) A-252)
—E? -B? 0 B!
- E3 B? —B! 0

A new symmetry of electromagnetic field is emerged. Two terms of new symmetry along the diagonal are

Zero-point Term of Electric Field

Zero-point term of Magnetic field

FOv
[f ]

a2

——[(B* —B?) —E'] +[(B' —B®) —E?| + [(B? - B') —E’]

FO0 = __cfws 2u>2]5;1
a
A==
22
| — 1
T T
A==
22
1 _ 20?2
A-Fp (1-2)
ZwZ ZeZ,
a2
— E+
2
(1_czaw2) a- Z 2)

c W

(B®-B) —E]

(15)

(16)
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Electric Field:
a2
FOY = — 5 E — —<%2 _[(B®~B?) — E'] (17
-7 (1-Zn)
Magnetic Field:
az 32
Fv = — <%l g4 _Zo? [(B3_B2) —E!] + [(B'~B3) —E?] + [(B2—B!) —E?] (18)
(-5 (-35)

Adding all the terms on right hand side and combining common terms

a2

1—
Adding (17) and (18) with the substitution °—7§27 =1 so the above relation simplifies to
A==z

F = E + [(B® —B?) —E'] + [(B'~B®) —E] + [(B*~B') —E*] =0 (19)
All the terms on right hand side cancel out due to opposite sign so electromagnetic field remains in its original form after
transformation that satisfies completely EPR and symmetry principle.
1.7. Transformation of Maxwell’s Equations

Maxwell’s equations in tensor form is the sum of Gauss’s law and Ampere’s law. First row of the matrix is Gauss’s law and
remaining three rows constitute Ampere’s law

F\' = LyFY (20)
Maxwell’s equations in terms of tensor in matrix form are
i .
o S— A I
[Fy'] (1—;2%7) (1—;2%2) [ 0 E} E} E} ]
IF}V',V’I _ 2 1 -E, 0 B} -B}
lF.zQ'VJ _(1C7—7m*‘2 S e, 0 [_EZO Bi 0 By ‘
Ve _c [} _m
F3Y 0 5 1 o|-E¢ Bi -B; 0
0 0 0 1
az az 32
o Czw:z %) 132 Ell 1az E22 _ C_ZK:; 32 laz E'33 + czwazz BZ3
[Fy'] | @G-z (-5 -5 (-5 -5 -7z
lFl\;’V | 1 —z—zaz —z—zaz 1 —ziiz 1
|F2’v l = |- 22 E,lo ——= maz 11 ——= maz E,Zz + 22 B,% ——= maz E,% - 22 23
l M J A-zZ2 a-zZ2 a-zg? A-zZ5? A-zZ5? a-zZg2
3
F -E} -B} 0 B}
-E} B3 —-B} 0
Zero-point terms of Maxwell’s equations
Zero-point Term of Gauss’s Law
2
a
"0’ ctw
FOY = —Zl E} (1)
Q-2
Zero-point Term of Ampere’s Law
2
a
R =2k )
A-=52)
a2 T
o L V.E-—292_[(B} - B%) — E}]
Fy (=72 (=752
FLv 22
A - ZoZ 1
p2v| T [-—"%—V.E+——F—[(B} - B}) - Ej]
Y A-zZg2 A-zZg2
3',
E [(V x B)?-E}]
[(V x B)*-E}]
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a2

1 202

o —>—V.E— —<2>[(V x B)'-E}]
F'Vr _ A== A==z
Fy| a?

,V

——Zl Y E+—15[(VxB)'-E}] + [(V x B)2-E3] + [(V x B)3-E}]
A-=52) (ol v,
Gauss’s Law
Gauss’s law is affected by frame of reference
a2
F)Y = — 5 V.E— <22 _[(V x B)'-E}]
a ——z—z) (1 —2—z>

Ampere’s Law

Similarly, Ampere’s law is affected by frame of reference

a2

FiY = —5 V.E——225 _[(VxB)!-E}]
a- _2_7) (1 —m)
Combined Gauss’s Law and Ampere’s Law

a2 a2

P) = v <1 “ (VX BY!-E}] + [(V x BY*-E}] + [(V x B)*~E}]

-7

ccw CZ(IL)2

But the combination of gauss’s law and ampere’s law remains un-affected by the frame of reference.

F'" = V.E + [(Vx B)-E,]

Maxwell’s equations in tensor form remain same.

1.8. Transformation of Conservation Law by Matrix Method

(23)

(24)

(25)

(26)

Conservation law can be written in tensor form is very simple but no one has ever noticed this simplicity. First row tells us
about conservation of Gauss’s law and remaining three give conservation of Ampere’s law and their superposition results in

conservation of both electromagnetic laws.
wv o pay’
F\\ = LyF%,

a
1 Zo?
[F%%] 2 T 9% 0 B, B E
| .1v,v0' | (- (-5 ) 10 ,320 ,3;) ]
IF,v’l’I _ —2£z . —Ep1 0 B3 —B3;
szvz - 1C 7 | _a 0 0 —Ezoz —B,?iz 0 B3,
F3 G e rap —E}; Bi; -B 0
V'3 0 0 1 0 03 ,13 23
0 0 0 1
aZ a2
1 1 227 1
FOY E' — E'llo _ EZO - aZ Br321 _ a? E330 +
[ ,v'O'] (1 —z—z) 1 ;2;2) 1 ;2;2) A=z A=z
[FLy | ) 2 ’ ! -
[ o019 EL, - Ely ———E} +——> B} ——Co—E3 -
F<,
l ;%J == (1——2—2) A== Q-7 Q-2
F3Y, _E ~B3, 0 B%,
—E ]3,213 -B 0
aZ T
7.7
o V.Eq — =27~ [(B3; — B%;) —Ef]
F Vo a- —z—z) (1 —;z;z)
Fvl’ _ —;iz' 1
A V.E, + ——[(B3: —B3:) —Ej;
V2 (1 ‘?m) -2
3y
Fvs [(BS, — B3,) — Ef]
[(Bis — B}3) — Ejs]

Zero-point Term of Conservation of Gauss’s Law

(27)
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Fiy = et E1 (28)
(1-3o2)
Zero-point Term of Conservation of Ampere’s Law
a2
Fili =~~~ E}, (29)
T (-En)
a2
1 22
o [ —azv.E,o——KB B%,) — Eb,] |
|:F,V'0':| _ | (1_m) ( - ) |
iv |~ a2
Pl __da_ g s B3, — B%,) — E}, ] + [(BY, — B3,) — E2,] + [(B2; — BLs) — E3
—r ,0 —r[( ,31) ,01] [( ,32 ,12) ,02] [( ,13 ,23) ,03]
a- —2—2) a- —z—z)

Conservation of Gauss’s Law

Conservation of Gauss’s law is affected by frame of reference

2

oo 1
F) = ——=V.E, ——)[(321 —B%,) —Ej]

-7 = a-
Conservation of Ampere’s is also affected by the frame of reference

a2

oo =7 1
Foi = u—z—)v- Eo+ a—ar)[(B,ng —B3%1) —Eb] + [(Bs, — B3,) —Ef,] + [(B33 — Bhs) — Ejs]
Zwl T 2wl

Zero- point Conservation law

2 2

a a

AR T -2
Fﬁ,,u, ZF—)V Eo+ F—) [(B3: —B%1) —Epi] + [(B5, — Biz) — Ef,] + [(B33 — Bhs) — Eds]
-Zoz ZoT

But the conservation law as a whole remains same for all observers
F'\ = V.Eg+V.(VXB)-V.E; =0 (30)

1.9. Transformation of Conservation Law by Einstein’s Summation Method

In the case of transformation of conservation law, 4D EM wave and higher order wave are affected by the frame of
reference. 4D EM wave contains some extra terms that do not constitute a definite physical quantity showing the fragments of
Laplacian wave of magnetic field. These terms contribute to complete the structure of conservation law in terms of higher
order wave of electric field.

Zero-point 4D EM Wave

2 2 2 2

a af aj a3
W Cow Cow
Fil = % )E + —[B}, — BY3] + —=5—[B3; — B3] + —[B —B%,] (31)
(1 7:7) A-zZ5? =252 )

The nature of conservation law in terms of 7D wave with invariant character is very surprising indeed. It is affected by
the frame of reference that seems to be responsible for the accelerating expansion of our universe [10-11].

a2

Fi, = [ VZ](ﬁ)E (32)
T 2wl
[P —V?] =[—2V?]

atZ
1.10. Transformation of Inner Product of Tensors F"F,, = trace 2[E? — B?]

The inner product of cotravariant and covariant electromagnetic field tensor whose trace gives us scalar quantity called
invariant of electromagnetic field as
0 E! —E1 —-E? —E3
FWE,, = tr :E; o, B B3 32‘ I o B3 —BB;Z (33)
—-E3 B? —B1 B? —B1 0
The product F*'F,,, is decomposed in to 4 components that directly gives the trace of product
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FVF,, = FF), + F'F, + FF,,+ FF,,

Trace (F™F,,) = 2[E?

the transformation is now become very simple

— BZ]

a

2

1 2.2
] ——cfo 00
[(FOVFVO) ] U-2 a2y
(FMF,p) a2 .
| = 2o
(FZVFVZ) - a’ a 0 0
(F3VF )’ (1_?272) (l_m)
v3 0 0 1 0
0 0 o 1

Now, putting the values of the terms in small brackets and of

(E®)" + (Ef -
= (E®) + (Ef — B -
2[E? — B?]" = 2[E? — B?]

—BY) '+ (Ef -
BS) + (E - Bf -

a2

A==

After multiplying, adding all the terms on left- and right-hand sides, we have

1_ az Oov
(F FVO) +
a ‘m> a

[(FORo))
| (FVE) |
| (FZVF\/Z) |
L(F3E,5)

a2

Tz)

cew

(FOF) + (F'F,) '+ (F'F) + (FF3)= (F"F) + (FVVF,) + (F'F,;) + (FEy3)

=1 in above equation

—B3) + (Ef - Bf — B}
B3) + (E3 —Bf —B})

Inner product of Contravariant and covariant electromagnetic field tensor remains same.

1.11. Inner Product of EMF and Its Dual: F*Y
0

_ |-E!

F* % FI—W - _EZ

—E3

The above product is also decomposed in to 4 components that only represent the trace of the product
Trace (F™ + F,) = (F® * Fp, + FY « F;, + F?

(F% % Fy,)’

(FYV+F)'| _
l(FZV *Fp) |

(F3V + F3,)’

«F,, =4EB
E! E? —B
0o B —32
-B> 0
BZ _Bl _
*F2V+
a2 7
o ——Ze2 0 0
A-zZ5? A-zZ5?
a2
= 00
-z2  (-z5
0 0 10
0 0 0o 1

After multiplication, adding all the terms on left- and right-hand side

(F % Fo) '+ (FIV « F,) '+ (F « Fp,) + (FV + F,) =

+ (FZV * FZV) + (F3V * FBV)

(1 ‘m)

(FOV * FOV) +

1 _BZ _B3
—E3 E?
—E!

E? E1 0

F3VxF;) =4 EB

(F * Fy,)
(F"¥ +Fy,)
(FZV * FZv)
(F3V * F3v)

( -m)

(E.B) + (E.B) + (E.B) + (E.B)= (E.B) + (E.B) + (E.B) + (E.B)

4(E.B)=4E.B

inner product of electromagnetic tensor with its duel remains same.

1.12. Electrodynamics in 4D Universal Noninertial and Inertial Frame

(34)

)(F”F 1) + (FF) + (FVERp)

(35)

(36)

37)

Zero-Point results of electrodynamics in universal inertial frame were not presented as a complete structure in [1]. Their
physical significance was realized later on during the development of [2]. Now, here they are compared with the results of
universal noninertial frame. Since transformation under 4D ULTM occupies a lot of space so the results are given in the
table. The similarity between the models is as expected.
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Table 1. Comparison of Results of Electrodynamics in 4D ULTM for and 4D ULTM for Inertial Frame of Reference
Electrodynamics in 4D Noninertial ULTM Electrodynamics in 4D ULTM for Inertial Frame
(L] (L]
[ af aj aj [ A1 \/i v
1 Zo? Zo? Zo? 1 = = =
a’ - a’ a’ a’ v? v, v, v?
A-zZx (O-z@ OG-z@ O0-g i-» 0-» 0-» 0-2
a? a} a} v? vi vi
Zo? 1 Zo? Zo? B o2 1 B o2 B o2
a2 a2 a’ a2 v?2 v? v v2
| OG-z OG-z O-z O0-z | G- - 0-m d-z
a} a} a? vZ vZ vi
Zw? cZw? 1 Z? z z 1 z
a’ a’ a’ a’ B vi. v? B v?
A -z A-zm O-a A -z a-= G- 0- a-=
a3 a} a? vz vZ vi
Zo? cZo? cZo? 1 __ % __ % __ % 1
aZ aZ a2 a2 VZ v2 v2 v2
A-zZm OO-zm G-z O0-z0 | G- 0-» 0-z» O0-2 |
Transformation of 4-Current Density Transformation of 4-Current Density
]u’ =J¢ ]u’ = J¢
Zero-Point Terms of EMF Zero-Point Terms of EMF
a? v2
T o4 _ 1 a8 p3_ @ pay . oAt g1 W o= 2 _ 1 vigs_Yigay, Mgl _
F —r(l_ﬂ) [E — E] +—r(1—:?:z> (G5B’ —55BY) + (5B F —2—(1_57) [E — E] +—r1-§z) (B’ -3B)+ (5B
a3 53 a3 _Rp2 al o1 ﬁB3 + ﬁBz _ﬁBl
2ol B )+c2m2 B® — 2o? BY)] 2 ) (cz c? )]
Fiy = 0 FHY = 0
Usual Electromagnetic field remains same Usual Electromagnetic field remains same
F* = [E—E + [(B® — B2)] + [(B' — B%)] + [(B! — B2)]=0 F* =[E—E + [(B® — B)] + [(B' — B*)] + [(B' — B})]=0
Transformation of Maxwell’s Equations Transformation of Maxwell’s Equations
Zero-Point of Gauss’s Law Zero-Point of Gauss’s Law
a2 v2
FOO = %2 | FOO = < g
0 (175%) 0 0 (1_%;) 0
Zero-Point Terms of Ampere’s Law Zero-Point Terms of Ampere’s Law
a2 v2
F'  =— 22 _(VE) + [(VXB)]} F' = ——Z{(V.E) + [(VxB)]}
' (1-2) -2
Zero-Point Terms of Gauss’s law and Ampere’s law Zero-Point Terms of Gauss’s law and Ampere’s law
2 v2
o a v ;2.
B, = —(fﬁwf){(v. E) + [(VxB)—Ey} = T (VB + [(VXB)—E]}
’ -2 ' K
Relation between Zero-Point and Usual Maxwell’s Equations Relation betwe:an Zero-Point and Usual Maxwell’s Equations
az ot v
F'" = — sz Y F””'u, = - 157‘, F“V'V
H (1-32) , a-o
Gauss’s Law Gauss’s Law )
22 ,, 1 =
1 F°V, = V.E+——[(VXB)-Ey| - —=+[(B% — B%) — E}
F*Y, = V.E+ ———[(V x B)-E,] —%[(B% —B%) —E}] v =V.E+ -9 [(V x B)-E,] -9 (B — B3) — E}]
-z (-3 ¢ ¢
9
Ampere’s Law Ampere’s LaW2
. a2 F'V' ., = —iz—{[(v x B)?-E}] + [(V x B)*-E3]
FY = — 0 _([(V x B)2-E3| + [(V X B)*-E3}] v a-% 0 0
(1-2) ¢
Usual M 1I’s Equations remain same . .
Y axy; * 3 B_E Usual Maxwell’s Equations are universal
, = . X — I
A% [ + [( ) .0]] FHV . = [V. E+ [(V % B)_E,O]]
Transformation 2]; Conservation Law Transformation of Conservation Law
2
Y= (C—‘”az [V.Eo + V.[(VXB)—Ey] =0 P = ﬁ [V.Ey+V.[(VXB)—Eg] =0
1- ﬁ) i
c?o
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Relation between Zero-Point and Usual Conservation law
aZ

Y wv' -

Py (1__;12) F AT 0

cco

Usual conservation law holds as it is
F* v V-Eg+V.(VXB)-V.E; = 0

Conservation Law by Einstein’s Method
Zero-Point Conservation Law as 4D EM Wave

y 22 s
AP (o) Lo L

_C [0} cew
ﬂz a%
o7 ZoZ
+—=25—[B%; — Bi1] + —=—[B3; — B},]
(1 C [0} ( ce

Conservation Law as 7D Wave Equation

a2

Py = [0 = V(5B
(-3

Relation between Zero-Point and Usual Conservation law

VZ

[ — wv'
F PUUTU (1——7)F' WV

Usual conservation law holds as it is

=0

F* . =V.Eg+V.(VXB)-V.E; = 0

Conservation Law by Einstein’s Method

Zero-Point Conservation Law as 4D EM Wave

o v o
2(ﬁ)ﬁ*<—f>[322 i
Z C

v

Z
Bi;] + —= B3, — B%,]
Q-2

”.J.SN

[B 337

Conservatlon Law as 7D Wave Equation

v2

B o = [0=V2] ((l%r))[‘:

1.13. Purely Zero-Point Electrodynamics in Universal Noninertial and Inertial Frame

After the development of above model, the need of an independent model of purely zero-point theory of electrodynamics is
emerged. Table -2 represents zero-point electrodynamics in 4D ULTM for inertial and noninertial frame.
Zero-point electrodynamics consists of transformation of EMF, ME and conservation law in tensor form given by three

transformation laws.
Transformation of Zero-Point Electromagnetic Field

FrY = Lt;'F““' (38)
Transformation of Zero-Point Maxwell’s Equations
FIY = L FY (39)
Transformation of Zero-Point Conservation Law
W' o
F,uu =L Fuu (40)

Table 2. Comparison of Results of Zero-Point Electrodynamics in 4D ULTM for noninertial and Inertial Frame of Reference

Electrodynamics in 4D Noninertial ULTM

(L] (L]
I a? a} a} I vi V3 vZ
1 2o’ c2p? cw? 1 cZ cZ cZ
a? h a? - a? - a? v? v h v, v?
a (1)2) a- 032) a- mz) a- wz) a- = a- C_z) a- C_z) a- C_z)
aj a a3 vi vi v
2wl 1 _ Y Zw? _ c2 1 c2 B c
a2 a2 a2 a? v?2 v v? v?2
B @ wz) a- (Dz) a- (Dz) a- wZ) _ ¢! C_z) a- Cz) a- C_z) a- C_z)
- a_% _aj_ a_% - vi vi v
Zw? Zw? 1 Zw? B c2 B c2 1 B c2
aZ aZ V2 V2 V2 V2
A -z A-zZm O-o A -z a-= G- 0-2 a-=
a3 a3 _at_ vi vi vi
_ ol 2ol _ Zw? 1 c2 _ c2 B c2 1
a’? a2 a’ v? v? %
A - a2 A -z AQ-zZep Q- 1-= a-= G- 0-2

Electrodynamics in 4D ULTM for Inertial Frame

Transformation of Electromagnetic Field
F¥Y = [};Fau’
Zero-Point Terms of EMF

a2

P = S5 [E - ]+ [(
) a-
a% 3) aj BZ CZai.Z

2 2
a2 p2 Al pl _
242 B9) + (szz B

sz

BY)]

Transformation of Electromagnetic Field
FHY = LP;'FW’
Zero-Point Terms of EMF

v2

Z
c — [E
a-9

FY =

1 v} vi v}
- E]+ S (5B -3 BY) + (5B
Tz

2
- 5B

2 2
Vi p3 V2 p2
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F¥W = 0 FvW = 0
Transformation of Maxwell’s Equations Transformation of Maxwell’s Equations
W g oo Wr g oo
', = Ly F™, P = L F™ ),
Zero-Point Gauss’s Law Zero-Point Gauss’s Law
a2 v2
FO'O'OV = :'2;:2 E’() FO'O' L= ;sz E,U
T (-30) Tt
Zero-Point Ampere’s Law Zero-Point Ampere’s Law
a2 v2
[ cZo? R - Z
FiUy =——=5<{(V.E) + [(VXB)]} F'y = ——-{(V.E) + [(VxB)]}
' (-72) -2
Zero-Point Maxwell’s Equations Zero-Point Maxwell’s Equations
aZ v2
W W Z
F*Y, = ——5<((V.E) + [(VXB)—E]} F*", = ——={(V.E) + [(VxB)-Eg]}
M (1 _F?ET) ' -

Conservation Law by Einstein’s Method

Conservation Law by Einstein’s Method
e o [T — N o
lew - L}&Fw,u'u' F = L.F i

Zero-Point Conservation Law as 4D EM Wave Zero-Point Conservation Law as 4D EM Wave

2 2 v2 vi
W 7 7 v _ 2z Z 1 1
P = | 50 B+ 25 (Bl - BL] B = (ﬁ) B+ gy [Ba ~ B
' (1-2) (1-2) B2 B2
4 25 !2; 2 2 !é 3 3
+—<Z B, — B,] + —22 B}, — B3] +—-[B3 —Bu1] + —-[B1: — B3]
a-— ’ ’ 1--2 ’ ’ a1-= (1-=
2?2 20?2 ¢

2. Model-2: Zero-Point Results of Electrodynamics, Inertia and Gravitation in
Noninertial Coordinate Metric Based on STL for 4-Vectors and Tensors

Quantum theory predicts existence of zero-point energy for ground state of harmonic oscillator E, = %hv. Our model of

electrodynamics, inertia and Gravitation in table-3, predicts outlandish results. The presence of zero-point energy via
equation (1) in each column represents electrical energy, mechanical energy and gravitational energy respectively. They
also incorporate the concept of Coulomb potential energy, inertial energy and Newtonian gravitational potential energy

o k
QR = (x.qB) = < ®
mQ%Y = (x.ma) = mv? 1)
mGY? = (x.mg) = &M 1)

Other results can be seen in the table-3. Next, we consider the case of zero-point Maxwell’s equations for electrodynamics,
inertia and gravitation theories via equations (6) of each column.

qFJ“J" = x.qEy — V(x.qE) (6)
mQ" u“ = x.ma, — V(x.ma) (6)
m Gf‘:,“ = x.mg, — V(x.mg) (6)

In mechanics, negative of gradient of potential energy is equal to force so the terms —V(x.qE), —V(x.ma) and
—V(x.qE) represent electric force, inertial force and gravitational force. The above equations represent power-force relation
for electrodynamics, inertia and gravitation. As we know in special relativity that energy and momentum are unified. The
next concept is power and force are unified.

Finally, we consider the case of conservation law by Einstein’s summation convention method where zero-point
conservation law represent 4D wave of electrical energy, inertial energy and gravitational energy respectively via equation (7)
of each column.

qui = O%(x.qE) (7)
mQ", uuu = [*(x. ma) (7

meﬁL, = 1*(x. mg) )
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The set of equations (1), (6) and (7) show clearly that future space vehicles will be extracting energy and power-force from
vacuum. The zero-point physical quantities are no more mysteries from now onward.

Table 3. (Components of Noninertial Coordinate Metric: g3 = gt = g2 = g3 =1, g’ = g) = —x))
; Theory of Gravitation
Theory of Electrodynamics Theory of Inertia 0 y 1 ) 3
0 El EZ E3 0 al az a3 [ g g g ]
1 3 2 —-al 0 ® - -g' 0 0’ —o?
Fuv] _|-E 0 B -B Qv = 2 3 1 G 5 2 .
[ “|_g2 _Rp3 1 —-a‘* —w 0 w -8 - 0 w
E B 0 B 3 ) 1
_E3 BZ _Bl 0 —a w —W 0 l—g?’ wz —wl 0
. o Zero Point Gravitational Field
Zero Point Electromag. Field Zero Point Inertia Field mG** = mg" G
' 4 ’ W = K ! . . . . -
qF*¥ = qgh F¥ mQs ] mg, 0% . ) . Zero Point Gravitational Acceleration as Gravit.
Zero Point Electric field as Electric Energy éero Point Acceleration Field as Mechanical Energy
qF?? = (x.qE) @ ";ﬂ?,g _ p | mE* = (xmg) e
Zero Point Negative Elec. Energy mQ™" = (x.ma) (@ | Zero Point Negative Grav. Energy
Zero Point Negative Mec. Energy i_
gF'" = — (x.qE) 0] Qi = . mG'" = —(x.mg) @
Action and reaction of Energy m T —&x m.a) i @ Action and reaction of Energy
QF* = (x.qE) - (x.qE) 3 Action and reaction of Energy mQ*" = m G = (x.mg) — (x. mg) @)
Zero Point M 11’s Equations [(x. ma)- - (xma)] . @ Zero Point Maxwell’s Eq. Gravit.
" axwell’s £q Zero Point Maxwell’s Eq. Inertia e o
qF)" = qg; Fy) mQ*" = mgh 0 MGy = mEa Gy
o (SR Ty - . o
i g i . . Zero Point G Law as Gravitational Power
Zero Point Gauss's Law as electric power Zero Point Gauss’s Law as Inertial power o L AS S
qFoop =X qE,O (4) mQO('](,J' = X.mag (4) mG’OV =X.mgo (4)
i ’ i oo . Zero Point Ampere’s Law as Gravitational
Zer9’P0|nt Ampere’s Law as Electric Force Zero Point Ampere’s Law as Inertial Force Force p
i = -
qF'i' - _V(XqE) (5) mQ‘,i‘r = —V(X. ma) (5) mGi'»i/ - —V(X mg) (5)
. , - = .
gg\r,sefoggﬁxaxweu s equations as Zero Point Maxwell’s equations as Zero Point Maxwell’s equations as
e Power-Force Gravitational Power-Force
qF), =x.qEy — V(x.qE) ® mQ" " = x.may — V(x.ma)] ®) | me*™ = x mg, — V(x.mg)] ®)
Conservation Law by Einstein Convention Conservation Law by Einstein Convention Constrvation Lz;w by Einstein Convention
Meth9d , , Method Method
[TT. W oo "y . '
qF.uu' = 48 F.Ju’u’ mQ”:,lu, = mgﬁ Qaﬁu, mG*" = mg“'Ga“'
Zlero Ffon;t Conservation law as 4D Wave of Zero Point Conservation law as 4D Wave of Zero }Il;é)int Conseril/;tion law as 4D Wave of
E ei,t:,lca Ezr;ergy ) Mechanical Energy Gravitational Energy
F . =0°(x.qE 7 I w
CL q ™ mQ',, = *(x.ma) @ mG*’:fM, = 2(x.mg) )

2.1. Zero-Point Electrodynamics, Inertia and Gravitation in Noninertial Metric

Quantum theory predicts existence of zero-point Casimir force. Our model of electrodynamics, inertia and Gravitation in
table-4, predicts outlandish results. The presence of zero-point force via equation (1) in each column represents electrical
force, Newton’s 2™ law and gravitational force respectively. Since forces appear equal and opposite so Newton’s third law is
satisfied through equation (3)

qF°? = qE 1)
mQ°?% = ma (@h)
mG’? = mg 1)

Other results can be seen in the table. Next, we consider the case of zero-point Maxwell’s equations for electrodynamics,
inertia and gravitation theories via equations (6) of each column.

qF"L,” =qEy —V.qE (6)
mﬂﬂ," = may, —V.ma (6)
mG‘ﬂf' = mg, —V.mg (6)

qEy —V.qE, may —V.ma and mg, — V.mg represent time varying electric force-Divergence of electric force, time
varying inertial force-Divergence of force and time varying gravitational force-Divergence of gravitational force. Here time
varying force and divergence of force are unified. In modern mechanics, time varying force is known as Yank.

Finally, we consider the case of conservation law by Einstein’s summation convention method where zero-point
conservation law represent 4D wave of electrical force, Newton’s 2" law and gravitational force respectively via equation (7)
of each column.



International Journal of Theoretical and Mathematical Physics 2024, 14(2): 40-65 53
W
qF", = 0A(qE) W)
mQ' = M?(ma) )
o,
mGi‘fH, =[°(mg) )
The set of equations (1), (6) and (7) show clearly that future space vehicles will be propelled by these forces.
Table 4
0 — 1= g2 = g3 = 0 — gl —
(8o=181=8=8=-18 =8 =-1)
1 -1 -1 -1
wm_ |1 -1 0 0
B]=1_7 o -1 o
-1 0 0 -1
; ; Zero Point Gravitation Theory
Zero Point Electrodynamics Zero Point Theory of Inertia . 5 s
o E' E B 0 al @’ 0 & & &8
-E' 0 B3 —B? -gl 0 w  —n?
uvy = _al 3 — 2 —
[F*] -E? -B* 0 B! o= |72 0 s 9 3 = -8 -0 0 o
3 2 1 -a‘* —o 0 w
-E3 B? -B 0 2 o -l 0 g8 w - 0
Eg\rls Point Electric Field as Newton’s second Zero Point Force Field as Newton’s second Law | Zero Point Gravitational Field as Newton’s
OV = E O second Law
i =4 00" — GO’O’ =m 1
Zero Point Magnetic Field ma ~ma L @ Zm Poi tAg lar Velocity Field o
qF'" = —qE %) Zero Point Angular Velocity Field €ro Foint Angular Velocity Fie
oo G'" = — 2
Zero-point Electromagnetic Field mi - Tma Y s ) ;] - t(r;ng itational Field as N s @
as Newton’s Third Law Zero-point Inertia Field as Newton’s Third Law ero-point Gravitational Fiela as Newton’s
mO**Y =ma — ma ) Third Law

qF** = qE—qE ®3)
Zero Point Gauss’s Law as Time Varying
Electric Force

qFy” = qE, )
Zero Point Ampere’s Law

qFi}’ = —V.qE (5)
Zero Point Maxwell’s Equations

qF," = qE, — [V.qE] ®)

Zero Point Conservation Law as 4D Wave of
Electric Force

qF’l, = 2(qE) )

Zero Point Gauss’s Law as Time Varying
Newtonian Force

mQ%’ =ma, @
Zero Point Ampere’s Law

mQ'} = —[V.ma] (5)
Zero Point Maxwell’s Equations

mQ”““ = ma, — [V.ma] (6)

Zero Point Conservation Law as 4D Wave of
Newtonian Force

mQ‘L‘,L, = [(ma) )

mG*" = mg — mg 3)
Zero Point Gauss’s Law as Time Varying
Gravitational Force

mG% = mg, @
Zero Point Ampere’s Law

mG'{’ = —[V.mg] (5)
Zero Point Maxwell’s Equations

mG"} = mg, — [V.mg] (6)

Zero Point Conservation Law as 4D Wave of
Gravitational Force

mG'), = P(mg) @

3. Model-3: Zero Point Spacetime Physics of Electrodynamics

In the above models via table-2 and table-4, zero-point relations of electrodynamics are not independent of effect of frame
of reference. In other words, they contain the terms of transformation matrix.
Is it possible to construct a model of zero-point electrodynamics that contains pure relations of electrodynamics consisting
of electromagnetic field, Maxwell’s equations and conservation law in tensor form? The answer is yes. A transformation is
constructed that gives us pure electrodynamics based on STL for 4-vectors and tensors. The process is very short and simple
and the results are obtained in matrix form. All the results in final form remain same for all observers.

0 -1 -1 -1
bmo|-1 0 -1 -1
-1 -1 -1 0

@3.

1)
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3.1. Derivation of Zero-Point Electromagnetic Field

FWy = g(li'F(xp'

FOY 0 0 0 0 -1 -1 —1][ 0o E' E?
o F* o o0f_f-1 0 -1 -1|(-E' o B®
0 0 F** 0 -1 -1 0 -1f|-E? -B®

L0 0 o ¥l [-1 -1 -1 oll-g3 B2

po0]  [E'+E*+E? 0 0

Fl1 0 [(B3 —B?) —E!] 0

F22 |~ 0 0 [(B! — B3) — E?]

F33 )| 0 0 0

FFO0'] E' + E> + E®

FLv [(B® — B?) — E']

F22 |~ |[(B! — B%) — E?]

_F3'3'_ ,[(BZ _ Bl) _ ES]

FO0T [ E' + E2 + E3

LFi ] L[(B® — B®) —E'] + [(B' — B®) — E*] + [(B* — B") — E°]

Zero-Point Electric Field

FO0 = E! + E* + E?
Zero-Point Magnetic Field

F'* = [(B® - B?) —E'] + [(B' - B®) — E?] + [(B? - B") — E’]
Zero-Point Electromagnetic Field

FWW = E' + E* + E3 4+ [(B®* — B®) — E'] + [(B! — B®) — E?] + [(B? —

Zero-Point electromagnetic field remains same for all observers.

3.2. Derivation of Zero-Point Maxwell’s Equations

ng,“' =g Ffﬁ,"

[F3" 0 0 0] o -1 -1 -11[ © EY E
0o Fy¥ o0 0 -1 0 -1 -1 [—Elo 0 B
0o o F¥ o |-1 -1 o -1f|-E3 -BY o0
o o o Fp T -1 -10 l—E% B -B

FO'1 [EL+E3+E} 0 0

Fi¥| _ 0 —E} — [(Bi - B})] 0

F4? 0 0 —E% — [(B3 — BY)]

F33 0 0 0

Fo’ Ef +Ef +Ej

FY'| |-E}—[(B3 —B3)]

F5? —E3 — [(B} — B})]

PPl L-E3 -8} - B

FOl E} + E} + E}

[F ] [—E,%—E?z —E3—[(Bi - B3)] - [(B} —BY)] - [(B} — B

La [ E,

[Fif | [-V.E—[(VxB)]

Zero-Point Gauss’s Law
F% = E,

Electrodynamics in Universal Noninertial Frame

E3
—B?
Bl

—B! 0

o |

-l
[(B* —B') — E°]

BY) —E*] =0

0
—E3 — [(B} — B3)]

)]

32

(3.3)

(3.4)

(3.5)

(3.6)

3.7)
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Zero-Point Ampere’s Law

Fi' = —-V.E— [(V x B)] (3.8)
Zero-Point Maxwell’s Equations
F' = —(V.E +[(V x B) — Eg]} (3.9)

Zero-Point Maxwell’s equation remain same for all observers.

3.3. Derivation of Zero-Point Conservation Law

Fil, = ghFol, (3.10)
[Fo% 0 0 0 0 -1 -1 —11[ © Ely E3% E}
0 Fiy 0 0 f 1 o -1 —1f|-En 0 B3 -Bj
0 0 Fi% 0 -1 -1 0 -1||-E} -B3, O B,
| 0 0 0 F3 -1 -1 -10 -Ej; Bi; —Bl 0
[Fo%] [Ebi +E5; +Ebs 0 0 0 1
Fit| 0 —E},; + (B3, — BZ3) 0 0 I
F3%, 0 0 —E%;, — B3, + BL; J
F33 0 0 0 —E; + B31 - B}
[FO%] [ Ebi+E%, +Eb;
Fi'v| _ [~Eb — (Bi2 —Bis)
F,zzzz —E%, — B3 + Bl
[F3%] | —E}; + B3 —BL,
[FO% _ [ Eb: + Ep, + Eds ]
[Fii. | |-Eby —E%, —Ed; — [(B3: —B%)] — (B3, — B32)] — [(B33 — Bbs3)]
L _ [ V.E, ]
[Fii, | " |-V.E, —V.(VXB)
Zero-Point Conservation of Gauss’s Law
F?O'%', =V.E, (3.11)
Zero-Point Conservation of Ampere’s Law
Fil, = —V.E; — V.(V x B) (3.12)
Zero-Point Conservation law
F'), = V.Eg—V.Eg— V.(VXB) =0 (3.13)

Zero-Point conservation law remains same for all observers.
All the results consisting of electromagnetic field, Maxwell’s equations and conservation law via equations (3.5), (3.9) and
(3.13) remain same for all observers in their original form after transformation.

4. Discussion and Comparison

Three models of electrodynamics are presented. The first model is related to universal noninertial frame and its consistency
with the results of universal inertial frame of reference. The second model consists of electrodynamics in usual Lorentz
transformation in 2D and in 4D Lorentz transformation. Both models contain usual electrodynamics and zero-point
electrodynamics. Their zero-point results are presented in table-2 and table-4. The third model deals with the purely
zero-point electrodynamics.

Einstein’s relativity theory in ULTM for noninertial frame based on STL for 4-vectors and tensors is developed in the
language of SR. It predicts very interesting results. STL has caused the emergence of complete zero-point structure of
electrodynamics within usual electrodynamics. The zero-point structure is affected by frame of reference but the usual
structure remains independent of this effect. It obeys conservation law, EPR and principle of symmetry. Conservation law by
matrix method appears as usual but by Einstein’s method predicts two very strange results viz. 4D EM wave with zero-point
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origin and conservation law as a 7D EM wave having invariant property. The results of this model match with our earlier
model completely that is based on ULTM for inertial frame [1]. The predictions of zero-point structure of electrodynamics in
this model is unlike the search for dark matter and energy [10-12].

Einstein’s SR only talk about the constancy of speed of light and invariance of inner product of 4-vectors and tensors. It
doesn’t discuss the invariance of spacetime as a whole. In principle, if time and space are relative concept then spacetime
must be the same for all observers. This inconsistency is actually due to unavailability of universal nature of Lorentz
transformation and STL for 4-vectors and tensors. Our earlier model of ULTM for inertial frame and present model for
noninertial frame resolves this issue within the domain of EPR and symmetry principle such that time and space are relative
but their combination as spacetime remains same for all observers. This is the marvelous achievement of this adventure.

RESULTS OF THE MODEL.:

4.1. Form Invariance of 4-Vectors in Noninertial Frame

All 4-vectors remain same for all observers such that temporal and spatial components are relative but 4-vetor as a whole
remains same. For example, 4-current density remains universal

o= e (49)
4.2. Zero-point Terms of Electromagnetic Field
Zero-point Terms of Electric Field

FO0 =% (50)

Zero-point Terms of Magnetic Field

a2

i = _ _ ZeZ 1 a3 3 af oo ai n1_ a3 p3.. a3 .
! aoy B T G maa B Y Gl B B 7B Y] 1)
Zero-point Terms of Electromagnetic Field
2
vy - a? E_E 1 ad p3_ 3 po al p1_ @ p3y, a2 oo Al pivi=g (52
F _@[ - ]+(1_—_2£Z)[(Czwz T 2p2 )+(C2m2 T 22 ) mB _mB )]_ (52)
ccw cew

Usual Electromagnetic field remains same for all observers
F¥ = [E—E] + [(B® — B?)] + [(B' — B)] + [(B' —B?*)]=0 (53)

4.3. Zero-point Terms of Maxwell’s Equations

Zero-Point Term of Gauss’s Law represents time varying electric field

a2

FOY = —Zo7 _E (54)

0
(*-2)
Zero-point term of Ampere’s law consists of Gauss’s Law and curl of magnetic field

a2

Fii = — 27 _((V.E) + [(VXB)]} (55)
(1-72)
Zero-Point Maxwell’s Equations
a2
FiY = — 227 _((V.E) + [(VxB) —E,[} (56)
(1 m)
Gauss’s Law
a2
AV 1 w2
F% = V.E+ ——[(Vx B)-E;| — —=2,—[(B3 — B%) — E}] (57)
a-z2 (1-72)
Ampere’s Law
aZ
FiY = _Li?_{[(v x B)?2-E3| + [(V x B)3-E3}] (58)

WV 1-.2 )
(-
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Zero-point Maxwell’s equations

a2

F'Y = — 7 _(V.E+[(Vx B)-Eg|} (59)
Usual Maxwell’s Equations remain universal for all observers
F'" = [V.E+ [(V x B)-E]] (60)

Relation Between Zero-Point Maxwell’s Equations and Usual Maxwell’s Equations
a2
202

wv' — w
T
ccw

FY (61)

4.4. Zero-point Terms of Conservation Law by Matrix Method
Zero-Point Terms of conservation of Gauss’s law

F%po,r = (‘3—“;r>V E’() (62)

Zero Point Terms of Conservation of Ampere’s Law
CE(A)2
al
(1-75)

Zero-Point Conservation law holds along the diagonal.

Fii = — [V.E; — V.(V x B)] (63)

2

a
FH'H' - 2w?
pyTy (1_ aZ )

czwz

[V.Eg— V.Eq — V.(VxB)] =0 (64)

The combination of temporal and spatial singularities Fil“H of conservation law constitutes, combination of conservation of
Gauss’s law and Ampere’s law.
Usual conservation law holds as it is

F', =V.Ey +V.(VXB)-V.E; = 0 (65)
Relation Between Zero-Point and Usual Conservation Law

[T ctw pv'
Pl = ey o (66)

4.5. Zero-point Terms of in Conservation Law by Einstein’s Method

By Einstein’s summation convention method, we get very strange results. The set of singularities of conservation law Fﬁf‘u
is transformed into 4D EM wave with some extra terms.

Zero-Point 4D EM Wave

a2 a% a% a%
S - Zw? Zw? Zw? Zw?
Fii = 2 +)E+ —[B), — Bis] + — [B%; — B3] + 2 [B3; — B3] (67)
(1-Z2) A-zZzz =57 -7
Zero-Point Conservation Law as 7D Wave Equation
a2
v Zw?
Fi, =07 - V2](—23)E (68)

(1-252)

Whereas conservation law is transformed in to 4-times of usual conservation law and 7-dimensional wave of electric field.
The 7D wave operator [ — V2] is the consequence of transformation of conservation law based on STL for 4-vectors and
tensors. It is entirely new result. It possesses 6 dimensions of space and one dimension of time. As there are 4 dimensions of
zero-point and 4 dimensions of usual electrodynamics so it represents 8D model of electrodynamics. Our previous models
[1,2], also represent 8D models of electrodynamics, inertia and gravitation. It seems to be a string theory of electrodynamics
where zero-point electrodynamics has a definite physical significance as each term has a clear source.

The contemporary models on electrodynamics in noninertial frame by Scorgie [3] doesn’t possess the explanation of
reference frame. Atwater [4] considers Galilean metric as the representative of noninertial metric that is a special case of our
noninertial metric [2]. References [5] and [6] are based on differential forms and usual Lorentz transformation that are
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replaced by our ULTM. Fedosin’s model [7] Lorentz invariance of gravito-electromagnetism without STL for 4-vectors and
tensors. Nicolie’s model [8] based on monad algebra and Costa [9] on Lie derivatives are of highly importance in accelerating
and rotating systems but these models do not discuss the transformation of conservation law and the extra terms in Maxwell’s
equations do not have clear origin like ours. Furthermore, wave equations are not discussed. Maxwell’s equations in
accelerating metric have been developed in our earlier model [2], in model-4, page-210. The accelerating expansion of our
universe [10-12] can be viewed in the light of our model. Maxwell’s equations in noninertial frame based on connection
coefficients initiated the need of STL for 4-vectors and tensors and ULTM in 2D and 4D [13], case# 7, page-4.

4.6. Comparison With Contemporary Models: The Case of ZPF

Haisch B. [13], page-682, equation (18), considers magnetic force as zero-point field (ZPF) effect of inertia due to reaction
to acceleration.

_v(®» z
F= e% x B?(0,7) (4.7.1)

In our model [2], (page-220, equation (2)) magnetic component of Lorentz force is the consequence of transformation of
electromagnetic field in noninertial velocity metric based on STL for 4-vectors and tensors where EMF appears as magnetic
force.

F¥V' = (vXx B) (4.7.2)
In our model [2], (page-222, equation (2)) magnetic component of Lorentz force is the consequence of transformation of

electromagnetic field in Lorentz transformation in 4D based on STL for 4-vectors and tensors where EMF appears as Lorentz
factor times magnetic force.

F¥V' = y(v X B) (4.7.3)
In an accelerating metric [2], page-226, electromagnetic field becomes time-varying magnetic force
F¥V' = (ax B) (4.7.4)

4.7. The Case of Zero-Point Energy

As compared to the concept of zero-point energy in quantum mechanics E, = %hv, we do have a very rich structure of
zero-point electric energy in model-2, in noninertial coordinate metric via equation (1). Zero-point results are possible only
by means of transformation of electrodynamics based on STL for 4-vectors and tensors where there is no extra assumptions or
speculations. This relation is also obtained in 4D Lorentz transformation presented in appendix.

4.8. The Case of Zero-Point Force

Quantum theory predicts zero-point force as Casimir force. In model-2, via equation (6), we have obtained zero-point
Maxwell’s equations as power-Force unified concept in noninertial coordinate metric. Lorentz transformation in 4D
possesses zero-point Maxwell’s equations as power-Force with Lorentz factor, column-2, equation (6) in appendix A-1.

4.9. The Case of Zero-Point Conservation Law as 4D wave of Electrical Energy

The concept of zero-point conservation law as 4D wave of electrical energy is only the prediction of our model in
noninertial coordinate metric.

4.10. Applications of Zero-Point Energy in Space Vehicles

Scientists of the day are proposing the possibility of space vehicles to be driven by the zero-point energy [15-21] Our
cosmic world is so large that even light years appear very small scale. In order to explore cosmos, a natural and unending
source of energy is needed that must be supplied by the vacuum. Zero-point energy and zero-point power-force of vacuum is
expected to provide this technology.

A complete framework of electrodynamics in 2D and 4D Lorentz transformation based on similarity transformation
method is presented in appendix A-2. It was necessary to differentiate between the two methods viz. STL and STM. Itis to be
noted that, STM doesn’t provide zero-point results.

5. Conclusions

Single transformation law for 4-vectors and tensors has been proved as the decoder of zero-point physics in this model as
well as in the previous two papers [1,2] and [23]. The discovery of zero-point electrodynamics and conservation law as 7D
wave within usual electrodynamics in noninertial frame are the major consequences of STL for 4-vectors and tensors.
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Einstein’s principle of relativity has got its real universal status. In other words, spacetime laws of physics remain same for all
observers has been achieved in inertial as well as in noninertial frame shown in the table-1. Quantum theory predicted
zero-point energy but our present model predicts complete structure of zero-point electrodynamics, 4D EM wave and
conservation law as 7D EM wave. Zero-point structure of electrodynamics is also predicted by usual Lorentz transformation
in 2D and 4D but based on STL that confirms the validity of our methodology. An independent framework of zero-point
complete electrodynamics is developed where we can see the zero-point results in three steps. Electrodynamics in noninertial
coordinate metric has predicted zero-point energy, zero-point Maxwell’s equation as power-force and zero-point
conservation law as 4D wave of electrical energy. These discoveries will help us to develop space vehicles propelled by
zero-point energy and power-force. Our previous model [2] and recently [23] have predicted a series of zero-point physical
concepts like electric power, time varying electric power etc. In the upcoming papers, framework of inertia and gravitation
are expected to be related with quantum theory via simple equations are the topics of our future work.

Appendix

A-1. Zero-Point Electrodynamics under Usual Lorentz Transformation

What kind of electrodynamics is emerged in usual Lorentz transformation based on single transformation law for 4-vectors
and tensors? It is the most valid question because 117 years of spacetime physics is relying on it. Very interesting results are
obtained in this context. Zero-point electrodynamics is present within the usual electrodynamics. In order to show the
importance of this formulation, we transform Maxwell’s equations in tensor form and 4-current density under STL which
gives us the same results.

Maxwell’s equations in tensor form are represented by the divergence of electromagnetic field tensor equal to 4-current
density

FY = (A1)
Now, we transform both sides of (2.1) under STL
F\)' == LiFY (A2)

F' = y(1 = v)(V.E) + y(1 — v))[(V x B)! — E}g[+[(V x B)? — E%] + [(V x B)? — E%] (A3)
]H' = LF(;'IQ (A4)
o= y(@ =)+ y(1 - v)) ) + )P (A5)
Comparing the results of (2.3) and (2.5), we get the same results that establishes the validity of STL for 4-vectors and

tensors.
If we transform Maxwell’s equations by means of similarity transformation technique

N ey aB
F" = Ly LyFY, (A6)

Fi,rv’ = E'; + YE% +YE% +yvi [(B% — B%) — Ely — YE — yE) +
yVi[E% +E3% —E% —E%] +y[(B, — B%) + yv,(B% — B)) — y(B® + B%) + B!; — B, (A7)
Then the results of both sides of (A1) do not remain same as (A5) and (A7) are different. That is why we need STL for
consistency.
A-1.1: Transformation of Electromagnetic Field Tensor
Y -yv; 0 O

— 0 0
M= [TV Y A8
[Ly] 0 0 1 0 (A8)
0 0 0 1
1 =1y = 12 = L =L = —yv, c=1
0 1 =Y 2 0 YV1
[FOV] Yy —yw 0 0 leEl E'  y[E*-vB’]  y[E®+VB?]
F;'V' _|=yvi v 0 of]|—yE! —ylel —yv;E? + yB® —yv,E® — yB?
F2V 0 0 1 0| —g2 —B3 0 B!
Pl Lo o o ul_p _gt 0
FOV]  [yE' vE'  Y[E?—viB’]  Y[E®+V,B’]
Fl',"" _ |-vE! —ywE' —yvE? + yB®> —yvE3 — yB?
F2Y ~E>  -B 0 B!
[F3"V'] —E3 B2 —B! 0
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Zero-point term of Electric Field

FOU =y 1 (A9)
Zero-point term of Magnetic Field

F'1 = —yv,E! (A10)
4D Electric Field

FO" = yE—yv,[(B” — B%) - E'] (A1)
Magnetic Field

FV' = —yv;E + y[(B3 — B?) — E'] + [(B' — B®) — E?] + [(B? — B!) — E?] (A12)

Electromagnetic Field
F¥Y = y(1 - vDE +y(1 - v;) — yv; [(B — B%) — E'] + [(B' — B®) — E?] + [(B? — B') — E*](A13)
Electromagnetic field doesn’t remain same in its original form after transformation
A-1.2: Transformation of Maxwell’s Equations Based on STL Method

FY'1 pwvEly  vEY  vEL —yviB%  yE% +yviB% |

F,lv"V, _ _E%o _YV1E%1 YB?Z - YV1E%2 _YV1E?3 - YB?3

F2V| |-E3, —-B 0 Bl

Pyl L-8% B ~Bl, 0
Zero-Point Term of Gauss’s Law

F,O(;'O’ = YV1E%0 (Al4)
Zero-Point Term of Ampere’s Law

Fi'' = —ywEY (A15)
Gauss’s Law

F%" = y(V.E) —yv;[(V x B)! — E';] (A16)
Ampere’s Law

F'Y' = —yvy(V.E) + y[(V x B)! — E})] + [(V X B)? — E% ]| + [(V x B)® — E%] (A17)

F'" = y(1—v;)(V.E) + y(1 — v))[(Vx B)! —EY]+[(Vx B)? —E%]| + [(Vx B)* —E%]  (Al8)

Maxwell’s equations in tensor form do not remain same in its original form after transformation.
A-1.3: Transformation of Conservation Law by Matrix Method

FY] ry —yw o o © Elo Ex  El
Flvvl — |-y Y 0 0 —E}n 0 B,321 —B,231
F2Y, 0 0 1 O||-E} -B3, o B},
Fyl L0 0 0 Ug3; BI;, B0

[F0 ] [yviEf  YE) YESo —yviB3  YE3, +yviB3 |
FUY _ —YEy —yviEly —yviE3 + VYB3 —yviE3 — YB3,
F2Y, —E%, -B3; 0 BY,
FSVV3 B _E,%3 B,213 —-B)s 0

Zero-Point Term of Conservation of Gauss’s Law

Fo!' = yviEly (A19)
Zero-Point Term of Conservation of Ampere’s Law

F,11"1' = —yviElo (A20)

F}L}L = yviEf; —yviEp; =0 (A21)

FF\L,VH = y(1 = v)(V.Eg) + y(1 = v)[(V x B)}; — Elg; [+[(V x B); — E%; ] + [(V X B)} — E;3] (A22)

Conservation law doesn’t remain same in its original form after transformation.
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A-1.4: Transformation of Conservation Law (Einstein’s Summation Convention Method)

Table 5. Electrodynamics in 2D and 4D Lorentz Transformation (Single Transformation Law Method)

61

STL Based Electrodynamics in 2D Lorentz
y —ywvp 00

wv_|-vvi vy 0 0
(L] 0 0 10
0 0 01

STL Based Electrodynamics in 4D Lorentz
Y —YVi TYV2 —YV3
O A T 0 0
(L] = A 0 % 0
—yvs 0 0 Y

Ly =L =, 15=1% =1 Ly =L = —yw
Transformation of Electromagnetic Field

FV' = Ly Fo
Zero-Point Term of Electric Field
FO0 = yv,E!

4D Electric Field

FOV' = yv;E! + y[E+v,(B% — B)]

Zero-Point Term of Magnetic Field

FV' = —yv,E

Magnetic Field in Tensor Form

F"' = —yv,E + y[(B? — B®) — E'] +[(B! — B®) — E]
+[(B? — B") — E]

Electromagnetic Field

FY' = y(1 - v)E +y(1 - v)[(B* - B®) — E']
+[(B! — B®) — E?] + [(B2 — B!) — E3]
Transformation of Maxwell’s Equations

FU" == LiF%

Zero-Point Term of Gauss’s Law

F% = ywEl

Zero-Point Term of Ampere’s Law

F,ll/’l/ = —YV151,1

Zero-Point Term of Maxwell’s Equations

F,“Q“' = yviEy —yvEY

Gauss’s Law

FR/"V’ = y(V.E) = yv1[(V x B)' — E!g]

Ampere’s Law

Fi' = —yv; (V.E) + y[(V x B)* — E{)] + [(V x B)? — E%]
+[(V x B)® — E%]

Maxwell’s Equations in Tensor Form

FY' = y(1 = v))(V.E) + y(1 - v)[(V x B)! — E]
+[(V x B)2 — E%| + [(V x B)® — E%]
Transformation of Conservation Law

Fi = LyF%y,

Zero-Point Term of Conservation of Gauss’s Law
F,O(;%' = 7V1E1,00

Zero-Point Term of Conservation of Ampere’s Law
F1111 = _YV1E1,11

Zero-Point Conservation Law

Fl = P(vEY

Conservation of Gauss’s Law

FOy = v(V.Eo) + fyviE")

Conservation of Ampere’s Law

il = —yvi(V.Eq) +[(V x B)} — Ely | +[(V x B)S — EZ ]
+[(Vx B)3 — Es]

Complete Conservation Law

Fo =[ 3-V2IviEY) + y(V.Eo)+ +1[(V x B)} — Ely,]
+[(V X B)% — E?oz] +[(V x B)3 — E%;3]

Ly=Lh =15 =1% =y, L} =L =~y
Transformation of Electromagnetic Field
Fp’v' = Ll:l'Frxv’

Zero-point Terms of Electric field

F'% = (y.E)

Zero-point Terms of Magnetic field

F'" = — (yv.E)

Zero-point Terms of Electromagnetic field
F¥¥ = (yv.E) - (yv.E)

4D electric Field as 4D Lorentz Force
F*V' = y{v.E + [E + (v X B)]}

Magnetic Field

F'Y' = —yE-(yv.E)

Electromagnetic Field

F*Y' = y(v x B)

Transformation of Maxwell’s Equations
FY' = LyFY

Zero-Point Term of Gauss’s Law

FQ' =v.E,
Zero-Point Term of Ampere’s Law
Fi' = —yV(v.E)

Zero-Point Term of Maxwell’s Equations
F') = w.Ey —V(V.E)

Gauss’s Law

F0Y = y{v.E; + V.[E+ (v X B)[}
Ampere’s Law

FIY' = —y{(V(v.E) - [(Vx B) —E,}

Maxwell’s Equations in Tensor Form
FY" = y{(V.E; + V.[E+ (vx B)]} — y{V(V.E) — [(V x B) — E}
Transformation of Conservation Law

v v v
P = LI,
Zero-Point Term of Conservation of Gauss’s Law
F%%’ = yv.Ego
Zero-Point Term of Conservation of Ampere’s Law
Fif, = —V2(yv.E)
Zero-Point Conservation Law

w2

Flow= (yv.E)
Conservation of Gauss’s Law
FO% =0°(yw.E) + y(V.E,)
Conservation of Ampere’s Law
Fiv, = —V2(yv.E) + yv[(V X B) — E]

Complete Conservation Law
Conservation Law as 7D Wave of Electrical Power

F = [£*~V?](yv.E)
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Table 6. Zero-Point Electrodynamics in 2D and 4D Lorentz Transformation (Single Transformation Method)

Zero-Point Electrodynamics in 2D

Zero-Point Electrodynamics in 4D

Zero-Point Term of Electric Field

FOO = yv, E!
Zero-point Terms of Magnetic field
F'V' = —yvE!

Zero-point Terms of Electromagnetic field
FW = yv;E! —yv;E!
Zero-Point Term of Gauss’s Law

F% = ywEY
Zero-Point Term of Ampere’s Law
F,lly'ly = —YV1E%1

Zero-Point Term of Maxwell’s Equations

Fi,“ =i El,o -—™i El,1

Zero Point Term of Conservation of Gauss’s Law
Fii 0 v = YVE] ,00

Zero Point Term of Conservation of Ampere’s Law

FY} 1 1 = —YV1E%11
Zero-Point Conservation Law as 1D Wave of Electric Power
F»“uu = f(yvEY)

Zero-point Terms of Electric field

F'% = (yv.E)
Zero-point Terms of Magnetic field
F'" = — (yv.E)

Zero-point Terms of Electromagnetic field
F*" = (yv.E)-(yv.E) =0
Zero-Point Term of Gauss’s Law

FO =yv.E,
Zero-Point Term of Ampere’s Law
Fii' = —yV(v.E)

Zero-Point Term of Maxwell’s Equations

F' = y[v.Eg —V(v.E)]

Zero Point Term of Conservation of Gauss’s Law

Fol 0 o = .Eqo

Zero-Point Term of Conservation of Ampere’s Law

Fili, = —V2(yv.E)

Zero-Point Conservation Law as 4D Wave of Electric Power

wr 2
Flow= =[*(yv.E)

[FO\;V(;'] [le Ely YEL, YE%, —yviB%,  YE%) +yviB%, ]
1v1 _YE%m _YV1E1,11 YB?21 - YV1E?21 —yv;E3 31 —YB? 31
l szJ —E%, - B, 0 B,
V3 —E%3 B%; —Bly 0

Zero-Point Term of Conservation of Gauss’s Law

0’0 1
Fo 0' = yv1E g

Zero-Point Term of Conservation of Ampere s Law

_ 1
F} 1 1' = -yv,Eqy

Zero-Point Term of Conservation Law

Flow = TOviED

It represents only one component of 4D wave equation

0'v!
FO ]

Conservation of Gauss’s Law
F%% = y(V.Eq) + 2yw,EY)

Conservation of Ampere’s Law

Y(V.Ep) — yv;[(V x B)}) — Elgq]
el l-yw(V.Ep) + y[(v x B)} — Elp | + [(V x B)3 — E%;] + [(V x B)3 — E3;])

—yvi[(Vx B} —Elyo] = ¢ (ymEY), —yv;(V.E;) = —VZ(yn,E!)
[FO0 ] _ [ Y(V.E) + ywmE') ]
FOil [—ywi(V.Ey) + v[(Vx B)) — Ely | + [(V x B)S — E%,| + [(V X B)% — E3;])

i = —yvi(V.E;) +y[(Vx B)} — Ely; ] + [(V x B)% — EZ,] + [(V x B)% — E3;3]

Complete Conservation Law
pwv'_
Fouw =l

§ - VI (ynEY) + Y(V- E,o)"' Y[(V x B)}

—El ]+ [(VxB)3 —E%,] + [(VXB) —

(A23)

(A24)

(A25)

(A26)

(A27)

%031 (A28)
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A-2: Electrodynamics in 2D and 4D Lorentz Transformation

(Similarity Transformation Method)

63

What is the complete structure of electrodynamics under usual Lorentz transformation based on similarity transformation
method (STM)? In order to remove all confusions about electrodynamics in Lorentz transformation in 2D and 4D, table-6
contains the complete formulation under STM. Similarity transformation is valid only for tensors not for 4-vectors which is
the major difference between STM and STL for 4-vectors and tensors. In STM, zero-point quantities do not exist. The
contemporary physicists are limited up to the transformation of EMF only under 2D Lorentz transformation based on STM.
Transformation of Maxwell’s equations and conservation law under STM are entirely new results.

The results of electrodynamics in 4D Lorentz transformation under STM are clear and comprehensive

Electric Field
F%" = y2{[E + (v x B)] — v[v.E]} Q)
Magnetic field
FV' = —vy%{[E + (vx B)] — v[v.E]} )
Electromagnetic Field
F*Y' = y2{[E + (vx B)] — V[V.E]} — Y*{[E+ (vx B)] —v[v.E]} =0 ©))
F*Y =0
Electromagnetic field remains antisymmetric but not in its original form
Maxwell’s Equations
Gauss’s Law
FO" = —y2v2[V.E] + Y?V.[E + (v X B)] @
Ampere’s Law
FiY = y*v[v.E]y —Y*[E+ (vX B)]o +y?V x [B— (v X E)] (5)
Maxwell’s Equations in Tensor Form
W' — 242 2 2 12 2 _
FI)" = —y*v?[V.E] + Y°V.[E + (v X B)]+Y*V[v.E]  —Y*[E+ (vX B)] o +y*V X [B — (v X E)] (6)
Conservation Law
F‘fjvp = —y*v2[V.E]y + Y*{V?[V.E]y + Y*[V.E+ (vXB)] —V.[E+ (vxB)],} =0 @)
Conservation law holds but not in its original form.
Table 7. Electrodynamics in 2Dand 4D Lorentz Matrix (Similarity Transformation Method)
Similarity Based Electrodynamics in 2D Lorentz Similarity Based Electrodynamics in 4D Lorentz
Y —yv; 0 0 Y —YVi TYV2 TYV3
IR 4 1 % 0 0 w_ |TV Y 0 0
(L] 0 0 10 BI=1w, o Y 0
0 0 01 -vv3 0 0 Y
=1 =y 15=1% =1 Ly =L = -v =Ly =15=1%=y, L} = Ly = =y
Transformation of Electromagnetic Field Transformation of Electromagnetic Field
FYY = Ly Ly FoP F¥Y = Ly LyFoP
Electric Field Electric Field
FO" = E' + y[E? + E*] — yB(B® — B?) @) | F* = y*{[E+ (v x B)] — v[v.E]} (Y]
Magnetic Field Magnetic field
F'"' = —E' —yE” —yE* — (B’ - BY) (@ | FY =—{[E+ (v B)] - v[V.E]} @
Electromagnetic Field Electromagnetic Field
F*V' = E! + y[E® + E3] —yB(B3 — B?) F*Y' = y*{[E + (v x B)] — v[v.E]}
—E' —yE? —yE® —yB(B*—B?%) =0 @) | —y{[E+ (vxB)] - v[v.E]} =0 ®
F*Y' =0 F*Y =0
Electromagnetic field remains antisymmetric but not in its original form Electromagnetic field remains antisymmetric but not in its original form
Transformation of Maxwell’s Equations Transformation of Maxwell’s Equations
F = LiLyFY FY = LULyFYY
Gauss’s Law Gauss’s Law
F)' = Ely +vE% +vE% +1B[(B% — BY)] @) | F}' = —y*v?[V.E] +y°V.[E + (v x B)] 4)
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Ampere’s Law
Flv‘ = —E%o - YE?O - YE?O + Yﬁ[E?l + E?l - E?z - E?a]
+y[(B%, — B%) +vyB(B% — B%) — v(B% +B%) + B; — B (5)
Maxwell’s Equations in Tensor Form
Fflv"vy = EYy +yE% +yE% +yB[(B% — B%)] -Ely —vE% — vEY,
+yB[E% +E% —E% — E%] +v[(B% — B%) +vB(BY — BY)
-y(B% +B%) + B — B,
Transformation of Conservation Law

v TV B
Fi. = LULEFo,

(6)

F“VVH = Elyo+ vE%y — yBB+ YE%, + yBB%, — Elyy yBY,;

—YBE%; — YBE®%; — yB%; — yE%, + yBB,+ vBEY, — vBY,

+Bl3; — vE%; —yBB%; + yBE%; — YB3 — B3 =0 ]
o

Fflv,p, =0

Conservation law holds but not in its original form

(7a)

Ampere’s Law

FiY' = y2v[v.E]ly —v’[E+ (VX B)] +v’Vx [B— (vXE)] (5
Maxwell’s Equations in Tensor Form

F = —y*v?[V.E] + y*V.[E + (v X B)]

+y2v[v.E]y —y2[E+ (vx B)] +y2V X [B— (v X E)] 6)
Transformation of Conservation Law

Fi = LLLgFY,

Fi = —y2v2[V.E]g +v2V.[E+ (vX B)],

+y*(v’[V.E]y — V.[E+ (v X B)] o} U]
Fi, =0 (72)
Conservation law holds but not in its original form
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