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History of Solid Aether .

1817: Thomas Young: polarization of light waves. -
1839: James MacCullagh: equation for light waves.
1868: Joseph Boussinesq: light & matter interactions.
1873: James Maxwell: electromagnetic equations.
1921: Harold Wilson: gravity as refractive index.
2009: Interpretation of 1st order Dirac equation as 2nd

order vector wave equation for spin density (s)
. . . . . 1
with intrinsic momentum (p) density: p = > VXs

“The modern concept of the vacuum of space,
confirmed by everyday experiment, is a relativistic
ether. But we do not call it this because it is taboo.”

(Robert Laughlin, A Different Universe, 2005)



Quantum Mechanics "

1924:Louis de Broglie: wave nature of matter.

1926: Klein & Gordon: 2" order Klein-Gordon
equation

1928: Paul Dirac: 1st order Dirac equation.

1965: Tomonaga, Schwinger & Feynman: QED.

1986: Hans Ohanian: QM spin & intrinsic momentum

density p = %sz (same as for elastic solid)

Question:
Is Standard Model simply a decomposition of elastic

spin density waves into so-called “particles™?



Special Relativity

Wave measurements are related by Lorentz transforms
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Time Dilation
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https://www.classicalmatter.org/UnderwaterRelativity.htm

Gravity is Refraction

Refractive index changes w/ distortion:
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(Consistent with SCG shear modulus model w/ const. pressure)

Equivalent to GR with:
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Cf. Evans, etal.,, Am. J. Phys., Vol. 69, No. 10, October 2001, Eq. 14




Classical Spin Density

Incompressible Helmholtz decomposition:

= —1V>< —1V><
p—pu—2 s,w—2 u

S=fr><pd3r=fsd3r+b.—e

L5 3 - 3
K=f§pu dr=f§w-sdr—l-—b.—t—.

Same total angular momentum and K.E.

Spin density is the momentum conjugate to

: 0L S S
angular velocity (~K; =5t = S).




Equation of Evolution

Momentum density: d,p+u:-Vp =1
Changes due to convection & force.

Spin density: 0;,s+u-Vs—wXs =Tt
Changes ~ convection, rotation, & torque.
Nonlinear wave equation (s = 0,Q):

0/Q+u-Vo,Q —wx 9,Q = c?V*Q
Nonlinearity = solitons




Factor the Wave Equation

15t-order equation required to compute evolution.
2"d-order linear wave equation in 1-D:
07a — c?02a =0
Solution is Forward + Backward waves:
a(z,t) = ap(ct — z) + ag(ct + z)

Independent solutions are 180° apart. Wave
solutions form a spin one-half system (3-D requires
bispinors).
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Factor the Wave Equation

a(z,t) = ap(ct — z) + ag(ct + z)
 The second-order wave equations are:
aEaB = CzaZZaB =0
0%a, — c202a, = 0

* Equivalent to first-order matrix equation:
agl (1 O ag| _
O [dpl (o —1)2 [aF] B

* The Dirac equation of quantum mechanics simply
extends the matrix equation to vectors in 3D.



Factor the Wave Equation

 To accommodate rotation, separate positive and
negative time derivative components:
d.a(z,t) = apy(z — ct)
— ap_(z — ct)
+ ag,(z + ct)
—ag_(z + ct)
Define the wave function (chiral representation):

(aB+)1/2
(aF—)l/z
(aps)"?
(ag_)V2.

P(z,t) =




Factor the Wave Equation
* The first-order 1-D wave equation is:

where:
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Dirac Equation

1-D wave equation:
0=vy0,{0,9 + Y cy>0,0,¥} + Transp.
0 = 97Q,~c*02Q,

3-D wave equation (replace z with 7or )):
Yio|0. + c y®o;0,¢] + adj. = 0

Same as electron! Mass term drops out.

Yio|0. + cy®o;0,¢ + iMy°yP| + adj.= 0
Wave function describes spin density.




Dirac Equation
Linear vector wave equations:
0 = 9. [pToyp] + cV[Ty>y]
—ic[VYT x y5 o) + YTy 0 x Vi]
0=07Q—c*V(V:-Q)+c*VxXVXQ
= 07Q—c*V*Q
s =0,Q=(1/2)¢ oy
cV-Q=—(1/2)¢Ty>y

c’VXVXxQ= Zl VYT X oy + YTy 0 X V]




Equation of Evolution
Nonlinear Diraceqn. s = 0,Q = [llﬁgl/)]:

0 =

1 1
—cy’o - Vy +§Awy°1/1 —u Vi —ow- oy
Propagation, rotation of wave velocity,

convection, rotation of the solid medium.

Mass represents rotation of wave velocity.
c.f. David Hestenes, Found. Phys. 20,(10):1213-32,1990
Each term has a simple physical interpretation.

For plane waves, velocity rotation cancels
rotation of the medium.



Lagrangian Density

Lagrangian density is the real part:
(w & Aw terms contribute twice to E-L egn.)

L=yYTid Y+ cyYTy® o iVy
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Hamiltonian Density

H =
: A :
~cpty®e - iV —— Ty —u-pTivy + = yloy
plane wave 1 1
> E + cf-§8 — 0 t SwW:'s
:UR‘l‘KR

|
Rotational potential energy: Up = E + Ef - &

. . 1 1
Rotational kinetic energy: Kp = SW:S = o p pu?

Equal integrals for vectors & bispinors:
Vectors: Wave velocity x wave momentum = 2U
Bispinors: Wave velocity x wave momentum = F



Dirac Equation

Dynamical quantities:

P=—[ptivy] +%v X lz/ﬁglp]
J = —r x [phivg] + [p' 2y

Momentum consistent with symmetric energy-
momentum tensor of GR [Ohanian 1986].

Wave (orbital) and spin angular momenta.
If the vacuum were not a (solid) medium, there

would be no spin angular momentum.




Exclusion Principle & Potentials

* Wave superposition of “particles” A and B:

[Va + YplTo[s + Y] = l/)Zm/JA r I/ng/)B

T T
+Y 0y +Pg0Y,
* |Interference terms cancel for “independent”
particles. Eigenfunctions = exclusion principle:

T T _
V¥ + PPy =0
e Potentials derive from phase shifts introduced to
maintain zero interference.

1/JZe_i‘PAei‘PBI/JB +c.c.=0




Exclusion Principle & Potentials

Neglect nonlinear terms.
Transformation of momentum operator:

Y=V, - Ple A (=iV)ear,

= Y} (—iV + Vo, )i,
Transformation of Hamiltonian:

YI(RD, +iH), - Ple Pa(hd, + iH)ePAy,
= Y1 (hd, + iH + ihd, @, + ihcy®e - Vo, )P,
= w;r(hat + iH + ie® — iy>0 - eA)yY,

Electromagnetic potentials:
eA =—hVp,; ed = ho,p,



Exclusion Principle & Potentials
Change of wave momentum (force): %Pi =

Wi ((0:0; — 0,004 — cv0;(8;0; — 3;0,) 04 ) W
Multivalued phase = Non-commuting!

Electromagnetic variables:
eA =—hVy,;, ed = ho,p,

pe = ePihy; ] = ey oy,
h h

E = _Ev(at%) + Eat(wPA) =—V® —0A
By = €x;j0,4; = _Eekijaiaj(pA

d
—P =p_E X B



Exclusion Principle & Potentials

Stokes’ Law: §A-d€ = [[(VXxA)-dS
Macroscopic sytem:
Pure phase shift = magnetic flux quantized:

= (m¢qb — a)t)

e ) 2e
c.f. Hagen Kleinert, Multivalued Fields in Condensed Matter,
Electromagnetism, and Gravitation (Chapter 4).



Exclusion Principle & Potentials

Radially weighted phase shift from particle:
e

2 c
Ya = (m¢¢ B a)t) (4neohc) wr

e? C My \ ~ Myp— wt
A = — ;
© (47’[60 hc) wr {(r sin 0) ¢ r? r}

Neglect radial term (no flux). Note Aw = m,c?

ez C m¢ I
B = )
© <4n60hc) w (r3 sin H)

Same flux as e- dipole moment: u,M /2r:

mge me=1/2 uyhe
jéA-d£’= - g »=1/2 Ko
2€,WT dm,r




Exclusion Principle & Potentials

Radially weighted phase shift:

_( ) e? c
b =Mgp¢ — @ dteghc ) wr

w

Phase velocity: v, = el sinf — 2w rsin 0
Electric field (Note 0,9, = -V - Vo ):
eEi . h(aivj) a](pA + hvj(ai 0] - (7] (7i)<pA

Only first term contributes (v, = 0 atr = 0)

e o
E = ( )r
A€ T4




Exclusion Principle & Potentials

“...the source’s Coulomb field results
from a spinning of the quantized flux loop
(about the center of the source) with an

angular velocity equal to the
2mec? ,,
h
- Herbert Jehle, Phys. Rev. 3(2):306-345, 1971

Zitterbewegung frequency

The factor of 2 comes from dividing my = 1/2.

The sign of the charge depends on the relative
signs of s, and v,



Matter & Antimatter

Assume vector spherical harmonic “particles”.
Bispinor angular quantum number is half of
vector angular quantum number.

Vector: £ = 2N + 1 = Bispinor: £ =
Odd parity = Distinct mirror image = Fermion

2N+1

Vector: £ = 2N = Bispinor: £ = N

Even parity = Same mirror image — Boson
(bosons = antiparticles except W+/-)
Assumption valid except for W+/-.



Quantum Electrodynamics

2-Partic];
y“(ia — Au) mA]tle + (A - B)

E_l/jA

e Lagrangian:

Apply Dirac equation to B: & =

¢A[V“(la _Au) mA]l/JA ]”A —]“A
Green’s 1stidentity, vector identities, etc.:

j]“Au=J(E2 2)_—1fFWF

Factor of Y2 due to counting variations twice:
& =ulyH(i0, — A,) —ma|hy

_I_

a E* — B%) — JHA
E( ) ] U



Solid Aether Model

Lorentz-invariant wave equation (SR).

“Gravity” is wave refraction (GR).

Spin is the angular momentum of the medium.
Mass = spatial localization, velocity rotation.
Spin & orbital angular momentum.

Odd/even spherical harmonics: fermions/bosons
Spatial reflection yields “antiparticles”.

Exclusion principle and interaction potentials.
Interpretation of electromagnetism.

Relation between magnetic flux & electric charge.
Wave uncertainty principle.
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