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We derive Electromagnetism from the Elastodynamics of thac&time Continuum
based on the identification of the theory’s antisymmetrtation tensor with the elec-
tromagnetic field-strength tensor. The theory provides ysighl explanation of the
electromagnetic potential, which arises from transveskedring) displacements of the
spacetime continuum, in contrast to mass which arises formitudinal (dilatational)
displacements. In addition, the theory provides a physigplanation of the current
density four-vector, as the 4-gradient of the volume dilataof the spacetime con-
tinuum. The Lorentz condition is obtained directly from theory. In addition, we
obtain a generalization of Electromagnetism for the situatvhere a volume force is
present, in the general non-macroscopic case. Maxwelliateans are found to remain
unchanged, but the current density has an additional teomoptional to the volume
force.

1 Introduction This allows us to dferentiate between for examplg., the

Since Einstein first published his Theory of General ReJati\e/IECt.romagnet'C permeability of free space, ppdhe L"?‘me
lastic constant for the shear modulus of the spacetime con-

ity in 1915, the problem of the unification of Gravitation an?
Electromagnetism has been and remains the subject of eontin 4™
uing investigation (see for example [1-9] for recent atteshp o Theory of Electromagnetism from STCED
The Elastodynamics of the Spacetime Continuum [10, 11] L
is based on the application of a continuum mechanical #p1 Electromagnetic field strength
proach to the spacetime continug8TC). Electromagnetism In the Elastodynamics of the Spacetime Continuum, the anti-
is found to come out naturally from the theory in a straighdymmetric rotation tensap*” is given by [11]
forward manner.

In this paper, we derive Electromagnetism from the Elas- W = 1 (U —u"™) (1)
todynamics of the Spacetime ContinuuSTCED). This the- 2
ory thus provides a unified description of the spacetime dghereu is the displacement of an infinitesimal element of
formation processes underlying general relativistic Gaav the spacetime continuum from its unstrained posigariThis
tion [11] and Electromagnetism, in terms of spacetime ca@nsor has the same structure as the electromagnetic field-

tinuum displacements resulting from the strains genetayedstrength tensofF*” defined as [13, see p. 550]:
the energy-momentum stress tensor.
FH = gtAY — VA 2

1.1 Anote on units and constants whereA¢ is the electromagnetic potential four-vectgr &),

In General Relativity and in Quantum Electrodynamics, it is the scalar potential anithe vector potential.
customary to use “geometrized units” and “natural units” re Identifying the rotation tensa&*” with the electromag-
spectively, where the principal constants are set equal toetic field-strength tensor according to
The use of these units facilitates calculations since cumbe
some constants do not need to be carried throughout deriva-
tions. In this paper, all constants are retained in the deriVeads to the relation
tions, to provide insight into the nature of the equationage 1
developed. A= == ol 4)

In addition, we use rationalized MKSA units for Electro- 2
magnetism, as the traditionally used Gaussian units ack grahere the symbolic subscript of the displacement* in-
ually being replaced by rationalized MKSA units in more ralicates that the relation holds for a transverse displaneme
cent textbooks (see for example [12]). Note that the elect{perpendicular to the direction of motion) [11].
magnetic permittivity of free spacgny, and the electromag-  Due to the diference in the definition @ andF*” with
netic permeability of free spagen, are written with ‘em” respect to their indices, a negative sign is introduced,ignd
subscripts as the “0” subscripts are use&ICED constants. attributed to (4). This relation provides a physical exjpkaom

F* = pout” 3)
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for the electromagnetic potential: it arises from transeeror, using the relatioe = 1/ y/€amftem,

(shearing) displacements of the spacetime continuumin co 1 0 + Ao

trast to mass which arises from longitudinal (dilatati¢i- 0 = = Po€amC \EVE. (13)

placements of the spacetime continuum [11]. Sheared space- 2 210

time is manifested as electromagnetic potentials and field2Jp to now, our identification of the rotation tensof” of the

Elastodynamics of the Spacetime Continuum with the elec-

2.2 Maxwell's equations and the current density four- tromagnetic field-strength tensé#” has generated consistent

vector results, with no contradictions.

Taking the divergence of the rotation tensor of (1), gives 23 The Lorentz condition

S = 1 W, — ) (5) The Lorentz condition can be derived directly from the the-
HoW M e ory. Taking the divergence of (4), we obtain
. . . 1
Recalling (28) from Millette [11], viz. A, = -3 G0l . (14)
HoU™y + (po + AU, = =X (6)  From (23) of [11], viz.
where X” is the volume force andy and g are the Lamé oy =uty, =0, (15)
elastic constants of the spacetime continuum, substitditin (14) simplifies to
u”#, from (6) into (5), interchanging the order of partial dif Impitl AL —0 16
ferentiation inu**, in (5), and using the relatiomt',, = &, = H (16)
£ from (19) of [11], we obtain The Lorentz condition is thus obtained directly from the
theory. The reason for the value of zero is that transverse
S = 210 + Ao &+ 1 X" @) displacements are massless because such displacemsats ari
. 2u0 2u0 from a change of shape (distortion) of the spacetime contin-

. . ) uum, not a change of volume (dilatation).
As seen in [11], in the macroscopic local case, the volume

forceX” is set equal to zero to obtain the macroscopic relatig  Four-vector potential
2u0 + Ao Substituting (4) into (5) and rearranging terms, we obth@ t

WV

"y o (8) equation

VZA - AW# = oy (7)

Using (3) and comparing with the covariant form of MaXsng, using (3) and (9), this equation becomes
well's equations [14, see pp. 42—43] .
VZA — A, = pem]”. (18)
/IV_ — N4
P = Hem] ©) Interchanging the order of partialftérentiation in the term
A, and using the Lorentz condition of (16), we obtain the

- : s . :
where j” is the current dfnsny four-vectocd, D 0 is the well-known wave equation for the four-vector potential [14
charge density scalar, ands the current density vector, we

obtain the relation see pp.42-43]

VZA = pemi”. (19)
i =22 ot do (10) The results we obtain are thus consistent with the macro-
Hem 2o scopic theory of Electromagnetism, with no contradictions

This relation provides a physical explanation of the cug  Electromagnetism and the volume forcex”
rent density four-vector: it arises from the 4-gradienttud t

volume dilatation of the spacetime continuum. A corollafy
this relation is that massless (transverse) waves canngt ¢
an electric charge or produce a current.

(y\/e now investigate the impact of the volume forké on
ghe equations of Electromagnetism. Recalling (7), Maxwell
equation in terms of the rotation tensor is given by

Substituting forj” from (10) in the relation [15, see p. 94] W, = 2u0 + Ao &t 1 N (20)
. 210 2uo
i}y = 0% (11) - . .
’ Substituting forw*” from (3), this equation becomes
we obtain the expression for the charge densit 2 Ao .
P g Y S R (21)
2u0 2u0
_1 ©o 2}10+/lo > 12 i ]
C T et 2w VOOV (12)  The additionaX” term can be allocated in one of two ways:
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1. eitherj” remains unchanged as given by (10) and the Using (28) into (21) yields the same covariant form of the
expression fof~*"., has an additional term as develMaxwell equations as in the macroscopic case:
oped in Section 3.1 below,
2 y ) . F'uv;# = ,uemJV (29)
. orF*., remains unchanged as given by (9) and the ex-
pression forj” has an additional term as developed iQnd the same four-

X vector potential equation
Section 3.2 below.

Option 2 is shown in the following derivation to be the logi- VPA = ptem]” (30)

cally consistent approach. i
in the Lorentz gauge.

. -
3.1 J" unchanged (contradiction) 3.3 Homogeneous Maxwell equation

Using (10) (* unchanged) into (21), Maxwell's equation be1"he validity of this analysis can be further demonstratedifr

comes ) ®o the homogeneous Maxwell equation [14]
FY = ptem]” + 2—— X". (22)
20
Using (20) into (17) and making use of the Lorentz condition,
the wave equation for the four-vector potential becomes Taking the divergence of this equation ower

OFP + PP + 9'FF = 0. (31)

VA = g X = ] (23) 0.0 FY + 0, F" + 9, FP =0 (32)

] . , , ] Interchanging the order of ierentiation in the last two terms
In this case, the equations féf”;, and A” both contain an 5nq making use of (29) and the antisymmetrfFéf, we ob-

additional term proportional t&¥". tain
We show that this option is not logically consistent as fol- V2EPY 4 pen(iP7 — j7#) = 0, (33)
lows. Using (10) into the continuity condition for the cumte o .
density [14] Substituting forj* from (28),
0, =0 24 . . . .
J B Gormr - 20 (g 4 do)(e — )+ 07 09, (3
yields the expression 2Ho
VZe = 0. (25) (42) of [11], viz.
This equation is valid in the macroscopic case wh¢fe- 0, 2 v w sl
but disagrees with the general case (non-2€fpgiven by HOVZE + (o + do)e™ = =X (35)
(35) of [11], viz. shows that*” is a symmetrical tensor. Consequently the dif-
ference termd#” — £77) disappears and (34) becomes
(2uo + 1)V = X, (26) 7o) disapp 34

208y — _ PO By _ xvB
This analysis leads to a contradiction and consequentigtis n VIR = 2ug (X X7). (36)

valid.
Expressing=*" in terms ofw*” using (3), the resulting equa-
3.2 F#., unchanged (logically consistent) tion is identical to (39) of [11], viz.
Proper treatment of the general case requires that thenturre oV = =X (37)
density four-vector be proportional to the RHS of (21) as fol
lows (F*"., unchanged): confirming the validity of this analysis of Electromagnatis
including the volume force.
Zuo+ o, LV 27) (28) to (30) are the self-consistent electromagnetic equa-

b .
Heml = %0 210 2410 tions derived from the Elastodynamics of the Spacetime Con-

tinuum with the volume force. In conclusion, Maxwell’'s equ-
BLtions remain unchanged. The current density four-vestor i
the only quantity fected by the volume force, with the addi-

1 ¢o Doy tion of a second term proportional to the volume force. It is
=5 (o + A0)e” + X']. (28) interesting to note that the current density obtained frben t

quantum mechanical Klein-Gordon equation with an electro-

Using this expression in the continuity condition for the-cumagnetic field also consists of the sum of two terms [16, see
rent density given by (24) yields (26) as required. p. 35].

This yields the following general form of the current deysi
four-vector:

. 2 flempo
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4 Discussion and conclusion 8.

In this paper, we have derived Electromagnetism from th
Elastodynamics of the Spacetime Continuum based on thé
identification of the theory’s antisymmetric rotation tens
" with the electromagnetic field-strength tengét. 10.

The theory provides a physical explanation of the electro-
magnetic potential: it arises from transverse (shearirgy) d
placements of the spacetime continuum, in contrast to mass
which arises from longitudinal (dilatational) displacemseof
the spacetime continuum. Hence sheared spacetime is mgyi-
fested as electromagnetic potentials and fields.

In addition, the theory provides a physical explanation gfs.
the current density four-vector: it arises from the 4-geadi
of the volume dilatation of the spacetime continuum. A ceroli4.
lary of this relation is that massless (transverse) wavesaa
carry an electric charge or produce a current. 15.

The transverse mode of propagation involves no volume
dilatation and is thus massless. Transverse wave propagafiG'
is associated with the distortion of the spacetime contimuu
Electromagnetic waves are transverse waves propagating in
the STC itself, at the speed of light.

The Lorentz condition is obtained directly from the the-
ory. The reason for the value of zero is that transverse dis-
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Wave Eaqunsti

placements are massless because such displacements arise

from a change of shape (distortion) of the spacetime contin-
uum, not a change of volume (dilatation).

In addition, we have obtained a generalization of Electro-
magnetism for the situation where a volume force is present,
in the general non-macroscopic case. Maxwell's equations
are found to remain unchanged, but the current density has an
additional term proportional to the volume forke&.

The Elastodynamics of the Spacetime Continuum thus
provides a unified description of the spacetime deformation
processes underlying general relativistic Gravitatiod Ble-
ctromagnetism, in terms of spacetime continuum displace-
ments resulting from the strains generated by the energy-mo
mentum stress tensor.
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