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Antisymmetric Mechanical Lorentz Force Tensor Constitutes Mechanical Electrodynamics

Naveed Hussain, Hassnain Abdullah Hussain and Ather Qayyum™

ABSTRACT: Mechanical Lorentz force [F + (P X w)] predicts a complete framework of classical dynamics in
terms of an antisymmetric second rank tensor f*¥ whose components are Newtonian force F' and Coriolis
force (P X w) that behaves like standard electrodynamics. We call this tensor the Lorentz force tensor
(LFT). It consists of mechanical force equations (MFE), mechanical Maxwell’s equations (MME), mechanical
conservation law (MCL), and mechanical wave equations (MWE). Calculations are performed by Einstein’s
summation method and written in matrix form for simplicity. The transformation of LFT laws in a noninertial
coordinate metric, based on a single transformation law (STL) for 4-vectors and tensors, predicts new symmetry
of MFE, MME, and MCL along the diagonals as the zero-point structure of LFT. Zero-point terms validate the
conservation law, symmetry, and principle of relativity. It reduces to its classical limit when noninertial effects
are subjected to zero. The emergence of a 7D wave of mechanical energy supplemented with the classical
conservation law is the most astonishing product of this model. The spectrum of application of this model is
very wide and includes mechanical engineering, astrophysics, cosmology, and magnetohydrodynamics.

Key Words: Mechanical Lorentz force, antisymmetric Lorentz tensor, mechanical electrodynamic,
4D wave of Newtonian force, wave of Coriolis force, 7D wave of mechanical energy.
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1. Introduction

Our previous model on antisymmetric electromagnetic Lorentz force electrodynamics [1] predicted the
existence of antisymmetric mechanical Lorentz force. Since after the successful applications of Maxwellian
electrodynamics in daily life, motivated the physicists to look for the mechanical analogue of Maxwellian
electrodynamics [2,3,4,5,6,7] via different approaches. Our methodology is very simple and consistent
with the standard Maxwellian electrodynamics. Mechanical electrodynamics consists of LFT, MFE, MME
and MCL. The components of antisymmetric mechanical Lorentz force tensor f#” are Newton’s 2nd law
of motion F' = ma and Coriolis force (P x w) which are well-known concepts in classical dynamics. This
observation provides us an elegant framework of classical dynamics in the language of electrodynamics.
Its nature is relativistic by birth as it obeys the principle of relativity. Now, we look at its structure in
the language of electrodynamics. Temporal component of LFT is Newton’s 2nd law of motion. Spatial
component is Coriolis force minus difference of LFT that validates antisymmetric nature of LF'T. Gaussian
force law, Amperian force law and conservation of Gaussian plus Amperian force law. Dual of Lorentz
force electrodynamics behaves in the same way obeying conservation law. Inhomogeneous wave equation
for Coriolis force is obtained by taking the curl of Ampere’s law and using the time derivative of Faraday’s
force law. Similarly, wave equation for Newton’s 2nd law is obtained by taking the curl of Faraday’s force
law and utilizing the time derivative of Ampere’s law. We get the wave equation for Lorentz force by
adding these wave equations. This model can readily be applied by mechanical engineers, astrophysicists,
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cosmologists and theoretical physicists. The form invariance of this model can be checked by using the
framework of [8] where it is shown that time and space components of laws of physics are relative but
spacetime laws as a whole remain the same for all observers in their original form after transformation.
In order to see the predictions of mechanical electrodynamics, we transform the laws of mechanical
electrodynamics in noninertial coordinate metric based on STL for 4-vectors and tensors. The noninertial
coordinate metric is playing the role of medium in which mechanical Lorentz force electrodynamics
experiences noninertial effects which are nothing but constitutive relations in this medium. In this
formulation, we get new symmetry of LET, Lorentz force mechanical Maxwell’s equations, conservation
law. It predicts zero-point structure of mechanical electrodynamics that validates conservation law,
symmetry and principle of relativity. The model reduces to its classical limit when the noninertial effects
are neglected. The transformation of Lorentz force tensor in matrix form in noninertial coordinate metric
experiences new symmetry. Zero-point Lorentz force tensor represents action and reaction of energy
or balance of energy along the diagonal. Mechanical Lorentz force tensor is transformed into Coriolis
torque. Newton’s 2nd law of motion is transformed into itself and 4-dimensional torque consisting of
zero-point energy plus Coriolis torque. The dual of Newton’s 2nd law of motion is Coriolis force that is
transformed into itself, usual torque and Coriolis energy. Gauss’s law is transformed into itself and dot
product of coordinate with Amperian force law. Similarly, Amperian force law is transformed into itself
and mechanical force in terms of negative of gradient of energy. Zero-point Maxwell’s equations represent
unification of mechanical force and power. Conservation law by matrix method becomes equal to zero
but by usual technique gives 7D wave of mechanical energy supplemented with classical conservation law.
The 7D wave operator is an invariant quantity. This new conservation emerges as the consequence of new
symmetry due to STL for 4-vectors and tensors. The concept of more general wave equation is present
in the contemporary world [9] but our approach is simple and straightforward. The other model in the
name of electromagnetism in noninertial coordinates [10] doesn’t meet the claimed results but the efforts
must be appreciated.
Notations in this model are adopted according to the modern approach of relativity. Greek alphabets
vy, B,. .. run from 0 to 3 and Latin letters ¢,7,k,... from 1 to 3. A comma (,) denotes partial
differentiation, e.g. F o = OF/0t is the partial derivative of the force field with respect to time, F'; =
OF/0z is the partial derivative of force with respect to the x-axis, F o = 0F/y is the partial derivative
of force with respect to the y-axis, and F3 = 0F/0z is the partial derivative of force with respect to
the z-axis. Moreover, f*” , means the 4-dimensional or spacetime partial derivative of the Lorentz force
tensor.

1.1: Formulation of Mechanical Lorentz Force Electrodynamics

The antisymmetric mechanical Lorentz force tensor is written in matrix form where components of
the tensor clearly represent the structure of classical dynamics.
Structure of Lorentz Force Tensor

0 F! F? 3
o = —F! 0 (P xw)? —(Pxw)? (1)
T -F? —(Pxuw)? 0 (P x w)!
—F3 (Pxw)? —(Pxuw) 0
fU=F, f9 =P xwh (2)
Newtonian Force Field ' , 4
Y =ma' = F' (3)
Spatial Component of Lorentz Force Field
f = (P xw)~[F+(Pxw)] (4)
Lorentz Force Field Tensor
ff=F+(Pxw]—-[F+(Pxw)]=0 (5)

Thus, the mechanical Lorentz force tensor remains antisymmetric.
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1.2: Mechanical Lorentz Force Maxwell’s Equations

Gauss’s Force Law _
fU =V F (6)

)

Ampere’s Force Law _
7, =(Vx(Pxw))—Fo (7)

OF

ot

The curl of the Coriolis force is equal to the force density and the time-varying Newtonian force.
Adding (6) and (7), we obtain the mechanical Maxwell’s equations in tensor form:

Mechanical Maxwell’s Equations in Tensor Form

Vx(Pxw)=f", + (7a)

=V P+ [Vx(wa)—Fﬁo] 8)

1.3: Derivation of Conservation Law for Lorentz Force Tensor

We derive the conservation law of the Lorentz force tensor by taking the time derivative of Gauss’s
force law (6) and the divergence of Ampere’s force law (7).

fOi,io = (V ’ F),O (9)
Y= [V VX (P xw) = P (10)

Adding (9) and (10), we obtain the conservation law in tensor form:
0 = (V- F)o+ |V V x (P xw) = Fo| =0 (11)

Thus, conservation of the Lorentz force in tensor form holds as usual.
1.4: Dual Structure of Mechanical Electrodynamics

The dual structure of mechanical electrodynamics is needed to obtain the second set of Maxwell’s
equations, where we recover Faraday’s law and Gauss’s law for magnetism in Maxwellian electrodynamics.
The dual of the Lorentz force tensor f*” is denoted by * f#¥.

Dual of Mechanical Lorentz Force Tensor:

0 (Pxw)l! (Pxw)? (Pxw)
o _ [~(Pxw)t 0 —F® F?
f = —(P % w)2 Fg 0 _Fl (12)
—(Pxw)® —F? F! 0
*fOi _ (P x W)i, *fZJ — —c"fiijk (13)
Coriolis Force Field: ) )
*fO’L — (P X CU)Z (14)

Dual of Spatial Component of Lorentz Force Field:
U =(Pxw)—[(Pxw)—F] (15)
Dual of Lorentz Force Tensor:
= [F 4 (Pxw)] — [F+(Pxw)] =0 (16)

Thus, the dual of the mechanical Lorentz force tensor remains antisymmetric.
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1.5: Dual of Lorentz Force Maxwell’s Equations

Dual of Gauss’s Force Law (Divergence of Coriolis force):

U=V (Pxw) (17)
Faraday’s Force Law:
*fi”’,,:—(VxF)—%(wa) (18)
* PV a
VxF=-"f ’”_&(wa) (18a)

Thus, the curl of the Newtonian force is equal to the negative of the time-varying Coriolis force.

1.6: Derivation of Dual Conservation Law for Lorentz Force

By taking the divergence of Faraday’s force law (18) and substituting the divergence of the time-
varying Coriolis force from the dual of Gauss’s force law (17), we obtain

- 0
* £07 — L
I = V(P xw) (19)
Faraday’s Force Law :
V-(*f“’w):—V-(VxF)—%V~(P><w) (20)
Adding (19) and (20), we get:
e =V~Q(P><w)—V-(VxF)—V-g(wa): (21)
o ot ot

1.7: Derivation of Lorentz Force Wave Equations

By taking the negative time derivative of Ampere’s force law (7) and the curl of Faraday’s force law
(18), we obtain the wave equation of the Newtonian force. For simplicity, we consider the source-free
version:

Newtonian Force Wave Equation:

82 2 8 T
QW—V>F——me (22)

Similarly, by taking the curl of Ampere’s force law (7) and the time derivative of Faraday’s force law
(18), we obtain the wave equation of the Coriolis force:
Coriolis Force Wave Equation:

(g; - v2> (Pxw)=0 (23)

Adding equations (22) and (23), we get the wave equation of the mechanical Lorentz force:
Mechanical Lorentz Force Wave Equation:

0? 9

Table-1a

Summary of Results of Antisymmetric Mechanical Lorentz Force Tensor Dynamics
Table-1b

Summary of Results of Dual of Antisymmetric Mechanical Lorentz Force Tensor Dynamics
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Antisymmetric Lorentz Force Dy-

Mathematical Representation

namics
0 Ft F? 3
) —F1 0 (Pxw)® —(Pxw)?
Structure of Lorentz Force Field Tensor
—-F? —(Pxw)? 0 (P x w)!
" —F3  (Pxw)? —(Pxw)l 0
fOz = [? f’L] — 61jk(P X w)k
Newtonian Force Field o = F?

Spatial Inertial Force Field

f¥ = (P xw)—[F+ (P xw)]

Antisymmetry of Mechanical Lorentz

Force Tensor

" =[F+(Pxw)]—[F+(Pxw)]=0

Mechanical Lorentz Force Maxwell’s

Equations

Formulae of Lorentz Force Maxwell’s Equations

Gaussian Force Law

Y =VF

Amperian Force Law

ff,,”z[V~V><(P><w)—F7O]

Conservation Law for Inertial Force

=V Fo+[V-V x (P xw)—Fo]=0

Newtonian Force Wave Equation

(%—W)F:o

Coriolis Force Wave Equation

(5 - %) (P xw) =0

Wave Equation of Mechanical Lorentz

Force

(5% - V2) [F+(Pxw)]=0

Dual of Antisymmetric Lorentz

Force Dynamics

Mathematical Representation

Tensor

0 (Pxw) (Pxw)? (Pxw)?

—(P x w)! 0 —F3 F?
Structure of Dual Inertia Field Tensor

—(Pxw)? F? 0 —F!
K ~(Pxw)? -F? P 0

(P xw) — —F F' —» (Pxw)

Coriolis Force Field *fO = (P x w)
Dual of Spatial Inertial Force Field ¥ = (P xw) - [(Pxw)—F|
Dual of Antisymmetric Lorentz Force | *f* = [F+ (P x w)]| — [F+ (P xw)] =0

2. Mechanical Electrodynamics in Noninertial Coordinate Metric

2.1. Transformation of Lorentz Force Tensor in Noninertial Coordinate Metric

The noninertial coordinate metric plays the role of medium and the equations in this medium will
represent the constitutive relations for the physical theory under consideration. The transformation of
mechanical Lorentz tensor and other relations in noninertial coordinate metric will experience physical
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Mechanical Lorentz Force Maxwell’s | Formulae of Dual Mechanical Maxwell’s Equations
Equations
Dual of Gauss’s Law “fU=V-(Pxw)
, 0
Faraday’s Force Law iy =—(VxF)— a(P X w)
Dual Conservation Law =V (Pxw)o—(V-VXF)=V-(Pxw)o=0
82
Coriolis Force Wave Equation (81&2 - V2> (P xw)=
2
Newtonian Force Wave Equation ((‘?152 — V2> F=0
82
Wave Equation of Mechanical Lorentz (81&2 — V2> [F4+(Pxw)]=0
Force

effects of inertia.
Color Scheme: In order to distinguish the effects of inertia and classical relations, we use the color
scheme for simplicity. Blue color represents classical theory and red color represents inertial effects.
The noninertial coordinate metric is given as

1 —X1 —XT2 —XI3
— 1 0 0
p | T
[ga] - —29 0 1 0 (25)
—xz3 0 0 1
=g (26)
0'v! 1 —X1 —T2 —X3 0 Fl F2 F3
T —x1 1 0 0 —F! 0 (Pxw)d —(Pxw)?
22T = 0 1 0 ~F? —(Pxw)? 0 (P x w)?
3 —z3 0 0 1 —-F3 (Pxw)? —(Pxuw)! 0
ke 2 F F'4as(Pxw)?—a3(Pxw)? F2Ha3(Pxw)l!—2(Pxw)® F3+z(Pxw)?—z(Pxw)t
i - F! —z F! —21F? + (P x w)? —21F3 — (P xw)?
P I o —2oF! — (P x w)? — gy F? — 2o F3 + (P x w)?
ladd —F3 —23F' + (P x w)? —23F? — (P x w)! — 3 F3
(27)
The terms appearing along the diagonal represent zero-point structure of theory.
Zero-point Energy
Y=z F (28)
Zero-point Negative Energy
it =—a - F (29)
Action and Reaction of Zero-point energy as balance
Y =g F—z-F (30)
7 F+lz-F+azx(Pxw) 31)
i TP+ (Pxw)] 4+ (Pxw)—a- F
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4-Dimensional form of Mechanical Lorentz tensor
f =F [z Ftax(Pxw) (32)

The extra term 77 = (7°,7%) = [z - F + 2 x (P X w)] represent unification of mechanical work or energy
and Coriolis torque. They have same dimensions but physically different as work is scalar and torque is a
vector quantity. They both constitute 4-dimensional torque 7. Their dimension is one coordinate time
greater than the classical term force F' due to contribution of coordinate metric. We retain their original
form to justify the classical limit. Equation (32) can be written as

O = F 47 (32a)

Newton’s 2nd law of motion in noninetial coordinate metric is transformed in to itself and 4-dimensional
torque which has 7 dimensions. Very very strange consequence.
Tensorial form of Spatial component of Mechanical Lorentz tensor

fV = (Pxw)—[F+(Pxw)]—xz-F (34)
fiV = —z.F (34a)

New Symmetry of Mechanical Lorentz tensor as Coriolis Torque
= F+(Pxw)]—[F+Pxw)]+[z-F+ax(Pxw)]—z-F (35)

Equation (35) shows that antisymmetric Lorentz force tensor is transformed in to difference or balance
of Lorentz force, 4-D torque and energy. It other words, it contains action and reaction of Lorentz force,
action and reaction of zero-point mechanical energy and the net effect is Coriolis torque.

fH/V/:f“”—F[x-F—l—a:x(wa)]—x~F (35a)
7 =1 x (P x w) (35b)

Note that the new symmetry of mechanical Lorentz force tensor as Coriolis torque emerges as the
consequence of STL for 4-vectors and tensor.

2.2: Transformation of Mechanical Lorentz force Maxwell’s Equations

o0

w'v' ’ ’
=96 Iy (36)
r 0/ ’
fu 1 -z —xg —a3| [ O Fi F? F3
iu | 1 0 0| |-Fb 0 (Pxw)}, —(Pxuw)?}
2y —x5 0 1 0 —F§y —(Pxw)} 0 (P xw)l
SV'/V' —T3 0 0 1 —F% (P x w)?l —(P x w)}z 0
ffll:,V' [z Fp Fl1 + zo(P % w)?l —z3(P x w)?1 E22 + z3(P % w)}2 —z1(P x w)?z Fg + 21 (P x w)?3 — (P x w)}3
711/',"/ B fF}) f:ch,ll 79;‘1F,22+(P><w)732 f;vlF%f(PXw)%
2y ~F} —2oF} — (P xw)} — 2 F} — 22 F% + (P x w)k
3y | - F3 —23F} + (P xw)} —23F% — (P xw)l —a3F%
(37)

| TV P+ (9 x Pxw) — Bl .

’
sV

[f}?jk’] :[V-F—x-[(Vxwa)—F,o]
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Gaussian force Law

fOV =V.F—z-[(VxPxuw)—Fy (39)
O =Y~ [(Vx P xw)— Fo (39a)
Amperian Force Law -
" =[(VxPxuw)—Fg] —V[z-F] (40)
0 = fY —Vz-F (40a)

Combining (39a) and (40a), we have Lorentz force Maxwell’s equations in tensor form

BV =V F 4 [(VxPxw)—Fo]—z-[(VxPxw)—Fg| - Vz-F| (41)

FUr = fr — 2 [(V X P xw) = Fy| = V[z - F] (41a)

Mechanical Maxwell’s equations in noninertial coordinate metric are transformed into the classical
case plus the dot product of coordinate with Ampere’s force law and mechanical force. Here force appears
as the negative of gradient of energy as we know from mechanics.

2.3: Transformation of Conservation Law by Matrix Method

ro 7 ’ 7
pvo av
f,y’u’ - gZ RS (42)
0w’ 1 2 3
V0’ 1 -z —22 —x3 0 Fio F3o F3q
i ! 0 0 —F 0 (Pxw)h —(Pxw)y (43)
2! = 2 3 1
25 —x9 0 1 0 —F5 —(Pxw)iy 0 (P X w)3o
f?’//’é// —x3 0 0 1 —F3, (Pxw)i; —(Pxw)ly 0
N > > s
9,,,”0’/ V(z - Fo) F,llo + 22(P x w)y — z3(P X w)?i, F,220 +a3(P x W),l23 — 21 (P xw)h F%o + 21(P x W)?m —22(P X w)ky
,1,,,,"1,/ B - F}n - Jle.,llo - xlF,gzo + (P x W),Szl —z1F3y — (P x W),?sl
,ZV/’V2/’ - E%Q - 1'2F,110 — (P xw)y - 1'2F,220 — 2 F3, + (P x W),l32
,31/’D3/ - F%n - 173F,110 + (P x W)?l;s - JUBF,?zo —(Px W),lz's - x:%F%o
(44)

Fhr =V Fo+ V- (VxPxw) —Fo—V{z [(VxPxw)—Fol} =V -Fo)=0 (45)

W - V{z- [(VxPxuw)—Fgl} —=V(z-Fg)=0 (45a)

! W

2.4: Derivation of Conservation Law in Noninertial Coordinate Metric by Usual Method
Taking the time derivative of Gauss’s force law (39) and utilizing the curl of Faraday’s law (64), we
have
Uy =V - Fo+ 0z F) (46)

Now, performing the divergence of Ampere’s law (40), gives

U, =V [(Vx Pxw)—Fo|] —V[z-F] (47)

N

Adding equations (46) and (47),
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v =V -Fo+V-[(VxPxw)—Fol + [02 - V¥][¢ - F] (48)

o, = i+ [02 = Vo - F] (48a)

W

Conservation law by the usual method gives the classical conservation law plus a 7D wave of mechanical
energy, where the 7D wave operator [52 — V2] is an invariant quantity.

2.5: Dual Lorentz Force Mechanical Electrodynamics in Noninertial Coordinate Metric
As the process of calculations for the dual model is the same, we present the results directly in Table 2b.

Table-2a
Summary of Mechanical Lorentz Force (MLF) Dynamics in Noninertial Coordinate Metric

Mechanical Lorentz Force Dynamics Dual Mechanical Lorentz Force Dynam-
ics

Transformation of MLF Tensor f",” = gg, fo‘”/

Zero-point Mechanical Energy fOlO/ =x-F

Zero-point Negative Mechanical Energy [l =—2.F

Zero-point Action and Reaction of Mechanical | f¥'* =z-F —2-F =0

Energy

Temporal Component as 4D Newtonian Force fol”/ =F+[z - F+zx(PXxuw)

’or

Spatial Component of MLF Tensor [V =[(Pxw)—F]—[z-F+ (P xw))

Mechanical Lorentz Force Tensor as Coriolis | f*'" = f# + & x (P X w)

Torque

Transformation Law for MLF Maxwell’s | f*" :gﬁ,f,?,‘,"

’
SV

Equations

Zero-point Mechanical Maxwell’s Equations f;,,“ =z Fo—Vlz-F]

Mechanical Force Gauss’s Law ff)l:,”/ =V-F—z-[Vx(Pxw)—Fq]
Mechanical Ampere’s Force Law f;’// =[(VXxPxw)—Fo—V]z-F]
Transformation Law for Conservation Law ,’L/,Z, =gt o, ’;,

MLF Conservation Law by Matrix Method fff,/,l;/, =Vz-Fo]—V[z-Fo]=0

Conservation Law by Usual Method ff;’,’;/, = fhr + (0% = V[z - F]

Important Results from Table-2a

1. Origin of Zero-Point Energy:
fU =g F (49)
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2. Generalized Newton’s Second Law of Motion:

f =F 4z Fiax(Pxw) (50)

3. Origin of Coriolis Torque: .
MY =2 x (P xw) (51)

4. Zero-point Mechanical Maxwell’s Equations as Origin of Unified Power—Force:

Wi — 3. Fog—Vx- F] (52)

Ny

Table-2b
Summary of Dual of Mechanical Lorentz Force Dynamics in Noninertial Coordinate Metric

Mechanical Lorentz Force Dynamics Dual Mechanical Lorentz Force Dynamics
Transformation of Dual of MLF Tensor *f”/“/ = g‘o‘t’l *f““"

Zero-Point Mechanical Coriolis Energy *f00 — 2. (P x w)

Zero-Point Negative Mechanical Coriolis Energy =g (P xw)—z- (P xw)
Zero-Point Action and reaction of Coriolis Energy s — g (Pxw)—x- (P Xw)
Temporal Component of 4D ML Coriolis Force * OV — (P xw) — [(zx F)+z-(Pxw)]
Spatial Component of Dual MLF Tensor IV = [F+ (Pxw)—[z-(Pxw)+F
Dual of MLF Tensor as torque *f“/“/ =*f —x x F

Transformation Law Dual MLF Maxwell’s Egs. * fff,/,y/ = g‘o‘;/ * f,i'/"

Zero-Point Max. Egs. as Coriolis power—Coriolis force *ff;/,“/ =z-(Pxw)g—Vr: (Pxw)]

Dual of Mechanical Gaussian Force law *fg,//’” =V-(Pxw)+z-[(VXF)+ (P xw)g]
Faraday’s Law of Forces *ff;i’/ =-[(VXF)+ (P xw)o] —V[z- (P xw)
Transformation Law for Dual Conservation Law * f”l‘,/,l;/, = g’o’;/ r ;,

Dual of MLF Conservation Law by Matrix method *fff,/,l;/, =V - (PXw)o—V[z-(PXxw)o =0
Dual Conservation Law by Usual Method *fff,/,l;/, =*fhy 4+ (0% = V2 - (P x w)]

Important Results from Table-2b
1. Origin of Zero-Point Coriolis Energy
“FO0 =g (P x w) (53)

2. Dual of Generalized Newton’s 2nd Law of Motion as Coriolis Force and Dual of 4D Torque

OV = (Pxw)— [(xx F)+a- (P xw)] (54)
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3. Origin of Torque
RV =—xx F (55)

4. Dual Zero-Point Mechanical Maxwell’s Equations as Origin of Unified Coriolis Power—Force

*f”;l,“/ =z (Pxw)o—V]z:(Pxw)] (56)

3. Discussion and Comparison

A comprehensive and consistent model of antisymmetric mechanical Lorentz force dynamics is devel-
oped in the language of electrodynamics. Newton’s second law of motion and the Coriolis force are the
components of the mechanical Lorentz force tensor. This tensorial force governs the motion of bodies
linearly by Newton’s law and circularly by the Coriolis force. Geodesics are caused by the Lorentz force.

Antisymmetric mechanical Lorentz force in a noninertial coordinate metric is transformed into the
Coriolis torque equation (35), and its dual is transformed into the usual torque. The nature of noninertial
forces is repulsive, while that of gravitation is attractive. We shall discuss the roles of both forces in the
next paper on the antisymmetric gravitational Lorentz force tensor, which is ready for submission.

In our earlier paper [11], electrodynamics, inertia, and gravitation in noninertial metrics (except the
noninertial coordinate metric) were presented in the form of Tables 1 to 5. Those models were partially
force-theoretic and partially field-theoretic. This model is an entirely different discovery based solely on
forces. Such a model is not available in our contemporary world of the relativistic paradigm.

Here, we present the Mechanical Maxwell’s equations, wave equations, and conservation law in Lorentz
Force Tensor (LFT) form and their transformation in the noninertial coordinate metric.

Mechanical Maxwell’s Equations

Gaussian Force Law

fS=v-r (3.1)
Amperian Force Law
; oF
Vx(Pxw)=fV+— (3.2)
’ ot
Dual of Gaussian Force Law
i =V (P xw) (3.3)
Faraday’s Force Law
* piv 8
VxF:—fﬂ,—&(wa) (3.4)

Note the symmetry of Mechanical Maxwell’s equations as sources are nonzero.

Wave Equation of Newtonian Force
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Wave Equation of Coriolis Force

(5; - v2> (Pxw)=0 (3.6)

Adding wave equations (3.5) and (3.6), we get the wave equation of the Mechanical Lorentz force.

Mechanical Lorentz Force Wave Equation

(g; - v2> [F+(Pxw)]=0 (3.7)

4. Mechanical Maxwell’s Equations in Noninertial Coordinate Metric

Gaussian Force Law

oY = F - [(V x (P xw)) = Fy (3.8)

Amperian Force Law
for = [(V x (P xw)) — Fo|] = V(z-F) (3.9)

Dual of Gaussian Force Law

U =V (Pxw) o (X F) + (P xw)] (3.10)

Faraday’s Law for Lorentz Force

i = =[(Vx F) 4 (P xw)o| - V[z- (P xw)] (3.11)

Mechanical Maxwell’s equations in the noninertial coordinate metric reduce to the classical limit when
noninertial terms are subjected to zero.

Conservation Law in Noninertial Coordinate Metric
/V/ 2 2
nhs =4 [0 = VP (z- F) (3.12)

The 7D wave operator [D2 — Vﬂ is an invariant operator and is the inner product of (O, V) and (30, —V),
where O? is known as the d’Alembertian operator (4D wave operator) and V? is the well-known Laplacian
operator.

Dual Conservation Law in Noninertial Coordinate Metric

L (02— V2] (2 (P x w)) (3.13)

’
! W

Results (3.12) and (3.13) are the marvellous predictions of this model.
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5. Conclusion

Antisymmetric mechanical Lorentz force tensor in the language of electrodynamics is the dawn of a
relativistic framework of classical dynamics in terms of forces. In other words, it is the spacetime physics
of inertia that has been obscured under the umbrella of the equivalence principle. Newton’s second law
of motion is an integral part of the theory of inertia. The role of the Coriolis force is very important to
understand geodesic motion. The antisymmetric Lorentz force tensor acts as a guidance force field.

This model shows that the spacetime laws of nature hold everywhere independent of charge and mass.
The most beautiful outcome of this model in the noninertial coordinate metric is the existence of a 7D
wave of mechanical energy as the effect of inertia, along with the classical conservation law, leading us
to an 11-dimensional world without any ad hoc assumption. Our next paper is on the antisymmetric
mechanical Lorentz momentum tensor that describes the theory of inertia containing Newton’s laws of
motion.

Dedicated to: H. A. Lorentz, J. C. Maxwell, Albert Einstein, and Isaac Newton

Declaration: The authors have no conflict of interest regarding publication of this paper.

References

1. N. Hussain, H. A. Hussain, and A. Qayum, “Antisymmetric Electromagnetic Lorentz Force Tensor Formulation of

Electrodynamics,” Boletim da Sociedade Paranaense de Matemdtica, (3s) v. 43, no. 3, pp. 1-9, 2025, In Press.

2. L. Corry, “David Hilbert between Mechanical and Electromagnetic Reductionism (1910-1915),” Archive for History of
FExact Sciences, vol. 53, no. 6, pp. 489-527, 1999.

3. X.-S. Wang, “Derivation of Maxwell’s equations based on a continuum mechanical model of vacuum and a singularity

model of electric charges,” Progress in Physics, vol. 2008, no. 2, pp. 111-117, Apr. 2008.
4. M. Jaswon, “Mechanical Interpretation of Maxwell’s Equations,” Nature, vol. 224, pp. 1303-1304, 1969.
5. J. Nockel, “Maxwell’s Equations as Mechanical Law,” Furopean Journal of Physics, vol. 43, no. 4, 2022.

6. L. S. Simeonov, “Mechanical model of the inhomogeneous Maxwell’s equations and of Lorentz transformations,” arXiv

preprint, arXiv:2007.02004, 2020.

7. W. H. Miiller, E. A. Ivanova, and E. N. Vilchevskaya, “On attempts to interpret Maxwell’s equations mechanically—A
review,” in New Achievements in Mechanics: A Tribute to Klaus Peter Herrmann, pp. 263-299, 2024.

8. N. Hussain, H. A. Hussain, and A. Qayum, “Relativity Theory for All Velocities v < ¢, v = ¢, v > ¢ Based on Single
Transformation Law for 4-Vectors and Tensors,” American Journal of Modern Physics, vol. 14, no. 2, pp. 60-79, 2025.

9. T. G. Pavlopoulos, “Breakdown of Lorentz invariance,” Physical Review, vol. 159, no. 5, pp. 1106-1110, 1967.

10. G. C. Scorgie, “Electromagnetism in Noninertial Coordinates,” Journal of Physics A: Mathematical and General,

vol. 23, no. 22, 1990.

11. N. Hussain, H. A. Hussain, and A. Qayum, “Electrodynamics in Noninertial Metrics Predicts Entirely New Origin of
4D Electromagnetic Wave,” International Journal of Physics, vol. 11, no. 4, pp. 193-230, 2023.

Naveed Hussain,
Department of Physics,
University of Southern Punjab, Multan,



14 NAVEED HUSSAIN AND HASSNAIN ABDULLAH HUSSAIN

Pakistan.

E-mail address: naveedphy@gmail.com
and

Hassnain Abdullah Hussain,

Institute of Physics,

Bahauddin Zakeriya University, Multan,
Pakistan.

E-mail address: raoabdullahphy@gmail.com

and

Ather Qayyum,

Department of Mathematics,

University of Southern Punjab, Multan, Pakistan.
College of Engineering,

Gulf University, Sanad 26489 Kingdom of Bahrain.
E-mail address: atherqayyum@isp.edu.pk



	Introduction
	Mechanical Electrodynamics in Noninertial Coordinate Metric
	Transformation of Lorentz Force Tensor in Noninertial Coordinate Metric

	Discussion and Comparison
	Mechanical Maxwell’s Equations in Noninertial Coordinate Metric
	Conclusion

