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ABSTRACT

Even though electro-magnetic wave can be calculated from Maxwell’s equations, the cause of elec-
tro-magnetic waves has not been fully understood. This paper proposes a Newton’s laws of motion
based aether theory to derive identical results as those from Maxwell’s equations for free field. The au-
thors suggest that every aether particle has a mass and occupies a volume in space. Every aether particle
has translational movement and particle spin movement. The translational movement is similar to the
gas particle moving in the air and it does not produce an electro-magnetic wave. The particle spin
movement generates shear and a spin wave that will be shown to have the same results as Maxwell’s
equations. Detailed derivation of electro-magnetic wave solutions from the proposed aether theory and
Maxwell’s equations is presented in this paper to show the validation of this model.
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1. INTRODUCTION

Since Isaac Newton [1], many physicists [2] consid-
ered the aether as a static massless medium. Therefore,
Michelson and Morley [3], and many others tried to
look for the absolute stilled aether from its relative mo-
tion to the Earth, but only got a small fraction of the
predicted relative speed.

Miller then considered the aether as tangible with
sufficient substance to be entrained at the Earth’s sur-
face. At Mount Wilson (6000° from sea level), from
long term observations Miller [4] acquired 200,000 data
points to prove the existence of the aether.

In this paper, we view the aether as a small particle
with mass which was the same as Miller’s experiments
proved. The energy to keep the motion of the planet is
provided by the Sun as an energy source. It is the ae-
ther with mass to transmit the energy to the planets.
And the energy field provided by the Sun is stored in
the aether inside the volume. The aether is the medi-
um not only to transfer the energy but also to transmit
the electro-magnetic wave and light.

Identical results of electro-magnetic wave from
Maxwell’s equations for free field can be obtained from
constitution laws of aether particles considering two
rotational motions. The constitution equation is ex-
tended from the well-known equation of motion for
elastic solid discovered by Navier in 1827 [5]. Two
terms are added to the constitution law to include self-
spin and group rotation. The mechanical interpreta-
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tion of Maxwell’s equations had been studied by
Jaswon in 1969 [6]. Jaswon followed the gyrostatic
aether concept proposed by MacCullagh in 1837 [7].
A Derivation of Maxwell’s equations from aether had
also been proposed by Larson in 1998 [8]. But they
only considered the effect of the group rotation, that is
the curl of the translational displacement. As shown
in the paper by Lin in 1996 [9], self-spin of particle
about its center is important for relating magnetic force
to electric force.

The wave equation for aether particle will be derived
from its constitution equation in Cartesian coordinates
similar to solving wave equation for solids. Newton’s
second law of motion is used with extended constitution
equations of aether particles to get it’s equations of mo-
tion. Then, the equations of motion are decoupled into
deformation and rotation terms by taking divergence
and curl of equations of motions. Similar to solve a
vibration problem, an eigenvalue problem is solved for
the sinusoid wave of electric force and magnetic force.
Finally, the wave solutions are compared to Maxwell’s
equations to verify the aether theory.

2. CONSTITUTIVE LAW OF AETHER
PARTICLES

The constitution equation for homogeneous isotropic
solid medium relates stress strain as

435

Copyright © 2014 The Society of Theoretical and Applied Mechanics, R.O.C.

https://doi.org/10.1017/jmech.2014.18 Published online by Cambridge University Press


https://doi.org/10.1017/jmech.2014.18

1
o = Ko e+ 21u(€jj —55” €ki) (1)

Gjj 1is stress tensor,

€j 1s strain tensor,

8 is Kronecker delta,
K  is bulk modulus,

p  is shear modulus.

Bulk modulus K is related to pure volume change
and hydro-static pressure. Shear modulus p (also
called bulk viscosity, volume viscosity or second vis-
cosity) is related to shape distortion and shear stresses.

Rearrange Eq. (1) by combing terms of &j; € and get
Gij = AJjj €k + 2€jj ()
where A is Lame’s constant and is defined as

2
A= K== 3
38 (3)

For small deformation, the strain tensor can be re-
lated to displacement vector, U; as

o= L Qi ou @)
2\ O OX;

Define rotation strain tensor jj and corresponding
rotation vector my as

ou; .
o = L% )
2\ 0% 0OX

1

and

where
X;  is coordinate in i direction,
U; is displacement in i direction,
6jk is permutation symbol and defined as:
€23 =63 =6 =1, 63 =€3n==6;3=-1,
otherwise is 0.
The rotation strain tensor can be written in matrix
form to show some inter-changeable relationship as

0 o, o 0 —0y O3
W;; =| 0y 0 0y |=|-0, 0 —®s3;
0 0y 0 —0; 0y 0
0 0, -,
=l-o;, 0 o (7
o, - 0

The rotation vector is related to the curl of the dis-
placement vector. This relationship is shown in the
following expansion of rotation vector in matrix form
as
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W, | )3 — W3 3 —03
=70, :E W3 = W3 ¢ =903 ¢ =1~03
@5 Wy =0y Wy —0y;
ou, du, ' o 0
1|0y 0u, 1| 0 0
=—q———1==| — 0 — U,
2|10% 0% 2| 0% 0% U
o _ow| |_ o 2 o |
ox, 0% 0%, 0% ]
1 _
=3 V x 0 (8)

Stress-strain relationship for rotational medium is
based on friction forces (with-out energy loss) from the
rotational movement. The constitution equation for
aether particle are shown in Fig. 2 and written as

Gy = —2&8 (o _ék) )

Spin vector, 6, represents the mean particle spin
angular velocity, rotation vector, ®, represents the
volume rotation angular velocity.

Equation (9) can be written in matrix form as

0 o, o5 0 -0, o,
Gj=|06y 0 oy =2&| o, 0 -0
o; O3 O -0, O 0
0 -6, 6,

-2t 6, 0 -6 (10)
-6, 6, 0

The constitution equation for aether particles con-
sidering stresses due to volume deformation, volume
rotation and particle spin can be completed by combing
Egs. (2) and (9) as

oy = Ay et 2peij— 266, (0 —6y) (11)

3. EQUATIONSOF MOTION

The equation of translational motion can be develop
from Newton’s second law of motion as shown in Fig. 3
and written as

o’u
o’

PAX AX, AX,

0c;;

= a—"AxlezAx3 +h AXAXAX,  (12)
X
]

where
b;  is body force vector,
p  is mass density,
X1, X2, X3 are coordinates.

Eliminate the volume, (AX;AX%AX;), and simplify Eq.
(12) as
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For equations of motion in free field, the body force
vector by = 0 and body torque vector g = 0 in Egs. (13)

and (15), and the equations of motion for translational
motion and rotational motion are

2, do.
U _ %o (16a)
1 du | duy o 1,0u dw ot OX;
=500, * oz “2= 50, " on
2
Fig. 1 Deformation strain and rotation strain from =2 00 _ ~€ Oj (16b)
displacement ot
ool oy i B Substitution of Eq. (11) into Eq. (16) yields
_ o’y 0 g
._@ 2 P :a_xj[m” et 21— 286, (0, —0,) |
ou; .
H“@ :}”Siji G PP e B
— 0X; \ 0% X | 0% OX
o a0
@ 2t@, —K 1 oE@, K
&ejk an E.;ejk an
2
Fig. 2 Rotation stress-strain relationship = xi O +“i % +u oy,
0% \ 0% 0X; \ 0% 0X; O,
(12 + 322 Axg) Ay Azy aa i Axy . A
=3 — 0 00y
F ou -2t —+288, —
ﬂ-‘L’zI o AzaAzs o (o + 1"“ Axy)Axgiry l a lo’;u"_\a:gﬂr;l E-’eJk 6)(]- E-’Qlk 8)(1-
iy = Tz Q.E';QJJ;, 9:;
aizAx Axy i Gl:m-n 6 6uk azui 6(Dk am]
; e Ap)—| — [+u———=&ay| ————
7w &~ & (+1) X [axkj “axkaxk Ei X, 0%
Fig. 3 Force and torque balance diagram 20, a0 i
TS| S T (17a)
Acther | EM. _Acther | EM. ) %
b f; i 1 (r ‘ T 50
: s k
| 15 pR’ e ]
% = 2E8jk jn ® — 266 6, O
i = 4&0, — 480,
%D P U, au .
. I =88 | - |~ 480, (17b)
Fig. 4 Orthogonal oscillation vectors of plane wave 0% OX

=—1J4
P o> ox b

(13)
j

The equation of rotational motion can also be de-
rived from Newton’s second law of motion as shown in

Fig. 3 and written as

2

PR AX AX, AX, 6t_92k = -8, 5;j AX A% AX; + G AX AX, AX

(14)

where

Ok is body torque vector,

R is radius of gyration of a particle.

Eliminate volume (AX;AXAX;) and simplify Eq. (14)
as

0’0
oR? at2k

=—8jk0j + Gk

(15)
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Noted that the stress related to €; and ey are sym-
metric, so they do not include in Eq. (17b).

Equation
(17) can be written in vector form as

ol = UV + (A + V(V-T) + 26V x 04 EV2 — EV(V - )

(18a)

= (o4 20V + (M + W)V X (V xT) + 26V x 6 — EV x (V x 0)

(18b)

PR = —4E6+ 26V x i (18¢)

Equations (18a) and (18b) are identical by the iden-

tity: Vi=V(V-U)-Vx(Vx0) . Figure Al is a
flowchart for deriving the equations of motion.

4. DECOUPLING EQUATION OF MOTION

Displacement U and particle spin 6 can be de-
coupled by taking divergence of Eq. (18).
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p%z(K-kZu)Vz(V-U) (19a)

o =
R’ %2'9) — 45V -0) (19b)

Divergence of displacement and spin can be solved
from Eq. (19). However, the solutions from Eq. (19)
do not produce the electro-magnetic wave. Therefore,
solutions from Eq. (19) are not shown and discussed.
That is, electro-magnetic waves are only related to the
curl of displacement and spin as shown in Eq. (20).
And solutions from Eq. (19) are independent of solu-
tions from Eq. (20).

Rotational properties of aether field can be obtained
by taking curl of Eq. (18).

p%: HVZ(VXG)+2§V><(V><6)+iVZ(VXLj)
(20a)
pR’ GZLZXG) =—4E(V x é) +2EV x(V x1) (20b)

ot

Because Eq. (19) do not contain the terms VxU
and Vx0, VxU and Vx0 can only be solved from
Eq. (20). Since, both VxG and Vx0 appear in
both Egs. (20a) and (20b), the solutions of VxU and
Vx0 are coupled and must be solved together.
Equation (20) can be organized and simplified as

(P87 — (u+E0,)V* ) (VxU) +(2£8,)V x (Vx6) = 0

(21a)
—(pR2O? +4E0,)(Vx0)+(260,)Vx(Vxl)=0  (21b)

And organize the coupled Eq. (21) into matrix forms
as

(P07 —(u+E0)V)I1] 260,[V] }

280,[V] —(pR*0; +4£0,)[1]
{[V] [0]} {{u}} 0 @
[0] [V1] ({6}
where
O, :g (23a)
0
0; _8_)(i (23b)
0 -0, 0,
[V]=]| 0 0 -9 (23¢)
-0, 0, 0
<V>=<0, 0, 0;> (23d)
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0,

V=10, (23e)
0s

V:=<V>{V}=0; +0; +0; (231)

5. SOLVING EIGENVALUE PROBLEM FOR
SPEED OF LIGHT

To solve Eq. (22) for U and 0, we assume har-
monic solutions for them in Cartesian coordinate as

0= Aexp[j(lz-x-mt)] (242)
6= Bexp[j(R-X—mt)] (24b)
where
A is wave oscillation vector of T,
B is wave oscillation vector of 0,
K iswave traveling vector,
X s position vector,
o is oscillation angular velocity,
and
k=k&+k, & +k; & (25)
k=|kl= S A— (26)
L(= wave length)
21 27)

w=
T (= vibration period)

The amplitude of K is k and is called wave number.
The wave traveling speed for a three dimensional wave
is

(28)

where C is wave traveling speed or called speed of light.
Based on the assumed harmonic solution for G and 6
as shown in Eq. (24), the following operator when act-
ingon G or O can be replaced by

& =—jo (29a)
<V>{V}=V’=-K (29b)
[VI=]lK]| (29¢)
[VI[V]=—[K][K] =—{k} <k >+K’[1]  (29d)
[VIIVIIV]= jK*[K] (29¢)

Journal of Mechanics, Vol. 30, No. 4, August 2014


https://doi.org/10.1017/jmech.2014.18

<V>[V]=-<k>[k]=0 (299)

where
K
tk} =1k, (29¢)
ks
<k>=<k k, k> (29h)
k* =<k > {k} (299)
0 -k Kk
kKlI=| ks 0 Kk (291)
-k, K 0

j [K] in Eq. (29¢) and [V] in Eq. (23¢) is interchangeable
when these operators are acting on assumed harmonic
solution of U and ©.

Substitute Eq. (24) into Eq. (22) and use relations in
Eq. (29) to replace u and 6 with A and B as

{(pwz ~ (1~ JE0)K* (1]

2£0[K]
2£0[K]

(PR'0’ + j4Ew)[1]

(k] [0 |J{A}
=0 30
o a)lmf=t
For [K]{A} and [K]{B} to be nontrivial, the determinant
in Eq. (30) must be equal to zero as

(P’ — (- jEw)k*)I1]
2E0(k]

=0 (31

2EwfK] ‘
(PR’ + j4Ew)[I]

Equation (31) is equal to
[(pe ~ = jE0)k®) (pRw* + j4ce) 1-4&% [KITk| = 0
(32)
Substitution of Eq. (29d) into Eq. (32) yields
(pe” —(n— jE)K* ) (PR @’ + j4Ew) + 48’0k’ =0
(33)

Expand Eq. (33) and separate real and imaginary part in
the first term to get

((p(x)z _sz) pR2c02 —4§2k2(02)
+ jEo(dpe’ —4uk® + pRK’0*) + 487K’ 0’ =0 (34)

Simplify Eq. (34) and separate real and imaginary part
as

(po” —pk?) pRP0” + jEa(4pw’ —4uk® + pR’K’0*) = 0
(35)

Equation (35) is a complex number equation and can be
separated into two equations
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(po’ —pk®) pR?w’ =0 (36a)

En(4pw’ —4uk® + pR’K*0’) =0 (36b)
In Eq. (36a), we have Eq. (38) since

pR'®* #0 37)

e_ KB (38)

k \p

As a result, the speed of light (based on Eq. (28)) can
be expressed by shear module p and mass density p as

o _|u
ko (39

The same speed of light can be and should be con-
cluded from Eq. (36b) based on the argument follows.

Since the radius of gyration R of the undetectable
aether particle is far smaller than measurable electro-
magnetic wave length L, therefore

R« L=2n/k (40)
or
Rk <1 41

Equation (36b) can be rewritten as
go((4+RK) po’ —4uk*) =0 (42)
Substitution of Eq. (41) into Eq. (42) yields
En(4pw’ —4uk*) =0 (43)
In Eq. (43), we have Eq. (45) since
En#0 (44)

4po’ —4uk> =0 (45)

Since Eq. (45) is the same as Eq. (38), the same
speed of light ¢ is concluded from either real part Eq.
(36a) or imaginary part Eq. (36b) which guarantee a
nontrivial solution for G and 6.

6. SOLVING EIGENVECTOR FOR
ELECTRO-MAGNETIC WAVE EQUATION

The eigenvalue as shown in Eq. (38) or Eq. (45) will
be used to solve the eigenvector for the electro-
magnetic wave equation from the curled equation of
motion (EOM) in Eq. (30). Substitute eigenvalue in
Eq. (45) into Eq. (30)) to eliminate pw” and pk’ terms
to get

{(J’&kzw)[l]

(2&w)[K] }
(2Ew)[K]

(j4g0+pRo")[1]
{[k] [O]H{A}}zo )
01tk (8}
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The first term in Eq. (46) can be simplified by elim-
inating two common terms & and o, and change Eq. (46)
into

(kI (2)[k] }
Qe)[K] (j4c0+pRo)[I]

{[k] [0]} {{A}} o @)
[0] [k]]({B}
The second term in Eq. (46) can be rewritten by the

relation of po’ = pk* and j4&w + po’R = j4ém + pu KR
= j4Ewm, to get

(kI 2)[K] }

QE0)[K] p(j40t/pn+k R[]
{[k] 0]} {{A}} o )
[0] [Kk]]({B}
In the second equation of Eq. (46),the following
conclusion can be reasoned as: (1) Oscillation angular
velocity  are measurable should not be too small, (2)
The ratio of dynamic viscosity § and shear module p
should not be too small, (3) K’'R* is much smaller than 1
according to Eq. (41), Therefore, K’'R® is negligible
when comparing with w&/u. Equation (48) can be

— e

simplified as

{(]kz)[l ] _(2)[k] M[k] [O]H{A}} _0 (49
(2Em)[k] (j40&)[1]]LI0] [KI]L{B}

The second equation in Eq. (46) can be simplified by
eliminating common factor 2.

szm ;[k]}[[k] [O]H{A}}:O (50)
[k j2017]Llo1 (k1] ({B}
Expand Matrix to get

K] (A} = j%[k][k]{B} (51a)

(K118 = § 3 (KIKI (A (51b)
Equations (51a) and (51b) can be shown to be equiv-
alent by multiplying both side of Eq. (51a) or Eq. (51b)
by [K] and replacing [K][K][K] with —k’[K] as shown in
Eq. (29¢).
Equation (51) are derived in matrix form. The ma-
trix form can be translated into vector form as

2

JkZRxRxé

X
X
>
1]

(52a)

j—kxkxA

X
oo
Il

X

(52b)

N | —

In Eq. (52), A and B are wave oscillation vectors
of translational and rotational displacements G and 0
of electro-magnetic wave as defined in Eq. (24). The
translational velocity can be written as
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i=-2C exp( (K- )”(—cot)) (53)
where
- 1. -
C=—joA (54)
2
Substitution of Eq. (54) into Eq. (52) yields

(55a)

(55b)

Equation (55) are the final electro-magnetic wave
solution derived from Newton’s second law of motion
and constitution equations of aether particles consider-
ing (1) hydro-static pressure, (2) shear distortion, (3)
particle spin and (4) volume rotation. Equation (55)
will be proved to be the same as Maxwell’s equations
for free field (no source terms) in the next section.

7. COMPARING TO THE SOLUTIONS OF
MAXWELL'SEQUATIONS

The Maxwell’s equations with source are

V-E=4np (56a)
V-B=0 (56b)
- 1 0E 4nm-
VxB-——=—1J S6¢
co ¢ (56¢)
VxE+—=0 (56d)
where

p  1is electric source,

i is magnetic source,

E s electric force vector,

B magnetic force vector.

The Maxwell’s equations for free field (p =0, | =0)
are
V-E=0 (57a)
V-B=0 (57b)
. OE
VxB- =0 57c
clot (57)
vxE+B (57d)
ot

For Egs. (57a) and (57b) to be satisfied, vector E
and B can be redefined by F and G as
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E=VxF (58a)

B=vxG (58b)

Substitution of Eq. (58) into Eq. (57cd) yields

VXVXG—zi(vXﬁ):o (59a)
cot

VxVxﬁ+§(Vxé)=0 (59b)

Organize Eq. (59) into matrix form as

{—czat[l] V] M[V] [0]} {{F}} S0 (60
[Vl afll1jLior [vl] ({G
Similar to solving coupled equations in Eq. (22), Eq.

(60) can be solved by assuming harmonic solution for
{F}and {G} as

llejexp(j(lz-f(—mt)) (61a)

Gzﬁexp(j(lz~i—wt)) (61b)

where

D is wave oscillation vector of F,

H is wave oscillation vector of G.

Substitute Eq. (61) into Eq. (60) and use Eq. (29) to
modify Eq. (60).

{czw[l] [k] M[k] [O]H{D}}:O )
(kI —oft]j[r01 k1] [{H}
For [K]{D} and [K]{H} to be nontrivial, the determi-
nant in Eq. (62) must equal to zero as

c’oll] [K] 0 63)
(k] —ofl]
Equation (63) is equal to
|-e 2t~k = 0 (64)

Substitution of Eq. (29d) into Eq. (64), and note that
[[{k}<k>|| = 0, yields

<0’ +k*=0 (65)

Therefore, the speed of light is

c=1t (66)

~|e

Use the eigenvalue C= i% from Eq. (66) to elim-
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inate € in Eq. (62) and rewrite Eq. (62) as

_{wlkz[l] [k] }[{k] [O]H{D}}:O -
(kI —oflI]JLI0] [KIJL{H}
Expand Eq. (67) to get

[K1{D} =_k—(;)[k][k]{H} (68a)

[KI{H} = —[K][K]{D} (68b)

1
®

The Matrix form of Eq. (68) can be translated to
vector form as

Rxljz_k—?RXIZxH (69a)
KxH = LkxkKxD (69b)
(O]

Equation (69) are electro-magnetic wave solutions
for solving Maxwell’s equations for free field. Equa-
tion (55) are electro-magnetic wave solutions derived
from constitution law of aether particles. It shows that
Egs. (69) and (55) are exactly the same. These con-
clusions suggested that substantial aecther model can be
used to obtain the wave of Maxwell’s equations from its
constitution equations. Figure A2 is a flowchart for
solving electro-magnetic waves.

8. CONCLUSIONS

Acther particles with mass that move and spin is
proven in this paper to generate an electro-magnetic
wave. Electro-magnetic force is, therefore, a contact
force transmitted through aether particles.
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APPENDIX A

FLOWCHARTS
Deformation Strain Stress Translational EOM
a° H.. a auk lig Ui
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Y729z | Oz dij€xk Kbijere % (-)w % b
T — ex_;i + eijka
. \
Displacement Deviator Symmetric stress B bal
- orce balance
uk($|r$23$3!t) €5 — 6;_;&-1-}13 ] 2.‘-"{5:‘_;' = Ji_;fkk;"r3} e LETR doi;
i — 17
CC'“)' P oe2 dx; []Newton's
/ J:J 2nd law
Rotation Vorticity Anti-sym. stress Torsion balance | _| ¢ 11otion
) 1, 0u; Ou | : = : > 23 9
Wi = 3\Bz, ~ Bay W —26eijrin pR = —€ik0j
y
Spin angle Spin Anti-sym. stress Rotational EOM
¢ ey du; i
> . — ; — i
Ou(z1,22,3,1) A 2eisul PRI = 2eiu(5 L = 5 ) 460y
1

Fig. Al Flowchart to derive the equations of motion
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260,[V] —(pR202 + 4€0) 1| | V< §
Rotational EOM
i

= Ecxp[ﬂf - T —wt)]

Tu

1 =
= —jwA
2_.‘

i
8 = Bexplj(k - ¥ — wt)]

. ’ FxC="Z2FxkxB v
Aether model i ® ) ;.-.1 ) A | x . 4‘1_ Uf’f",w)[” ‘2{.»)[1-] EwA o
kxB= =kxkxC (26w)[k] (46w + pR2A)(1)| | K x B
Maxwell equations kxD= ;: Rkl - cwll] - [K] !_:, I:) =0
o 1 - . = k] —w[]||k=xH
- kx H= » kxkxD
z IE}= Y F = Dexplj(k - & — wt)]
=0 = 5 = " >
= gl 7= v G = Hexplj(k -7 —wt)]
e B=vxG i =
2ot 7 {-r---a,u] [V]} {v x F‘} o
ng+%=n > v]  a\vxé
Fig. A2 Flowchart to solve electro-magnetic waves
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