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ABSTRACT

The major extant relativity theories-Galileo’'s Reldy (GaR), Lorentz’s Relativity (LR) and Einstes
Special Relativity (SR), with the latter much cekgld, while the LR is essentially ignored. Indéets
often incorrectly claimed that SR and LR are experitally indistinguishable. Here we show that @} S
and LR are experimentally distinguishable, (ii) ttitmmparison of gas-mode Michelson interferometer
experiments with spacecraft earth-flyby Dopplerftsiata demonstrate that it is LR that is consisten
with the data, while SR is in conflict with the da{iii) SR is exactly derivable from GaR by meanis

a mere linear change of space and time coordirthtgsnixes the Galilean space and time coordinates.
So it is GaR and SR that are equivalent. Hencewtbl known SR relativistic effects are purely
coordinate effects and cannot correspond to thereks relativistic effects. The connections between
these three relativity theories has become appdodiotving the discovery that space is an obsereabl
dynamical textured system and that space and timmealiztinct phenomena, leading to a neo-Lorentz
Relativity (nLR). The observed relativistic effe@se dynamical consequences of nLR and 3-space. In
particular a proper derivation of the Dirac equatfoom nLR is given, which entails the derivatioh o
the rest mass energy fnc

Keywords: Dynamical Space, Galilean Relativity, Special Reit, Lorentz Relativity

1. INTRODUCTION tests, from laboratory experiments to the discowafry
the uniformly expanding universe (Cabhill, 2005a;
Physics has failed, from the early days of Galded 2009a; 2009b; 2011; 2012; Cahill and Kerrigan, 2011
Newton, to consider the existence of space as aCahill and Rothall, 2012). The discovery of dynaahic
structured, detectable and dynamical system andiate space changes all of physics. It is now possibleoi
underpins all phenomena, until 2002 when it wasout the confusion over which relativity principle i
discovered that the Michelson-Morley experiment was confirmed by experiment and for the 1st time we @et
not null (Cahill and Kitto, 2003) and indeed confed clear picture of the nature of reality. A “Relativi
Lorentz’'s Relativity Theory (This report is frometh  Principle” (RP) specifies how observations by digfet
Gravitational Wave Detector Project at Flinders observers are related. In doing so the RP reflects
University). Essentially the last 400 years of pbgias  fundamental aspects of realty and any proposedsRP i
been one of much confusion because the keysubjectto ongoing experimental challenge.
phenomenon of space had been missed and indeed There have been three major relativity theories:
Minkowski and Einstein had even denied its existenc Galileo’s Relativity (GaR), Lorentz's Relativity R)
claiming instead the actual existence of spacetime, and Einstein’'s Special Relativity (SR), with theela
geometrical amalgam of the geometrical models atsp much celebrated (The 100th year of SR was celabrate
and time (Minkowski, 1952). Subsequent to the abovethe 2005 UN Year for Physics), while the LR is
discovery the dynamics of space has been determinedssentially ignored. Yet it is often claimed thiagyt are
and subjected to many experimental and observationaexperimentally indistinguishable. Here we show tfijat
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they are experimentally distinguishable, (i) that description of this quantum foam is given by a éio
comparison of gas-mode Michelson interferometerfield v(r, t), with the dynamics determined by
experiments with spacecraft earth-flyby Dopplerftshi phenomenological arguments, see Sect. 7, where the
data (Cahill, 2009c; Andersaat al., 2008) demonstrate  velocity is defined relative to a network of obsansy
that it is LR that is consistent with the data, let8R is  using an Eto label space points.
in conflict with the same data, (iii) SR is exactly Experiment and observations have revealed that the
derivable from Galilean Relativity by means of chan Space dynamics is at least a 3-parameter system: G-
of space and time coordinates, so that the wellkno Newton’s Gravitational constaatthe fine structure
SR relativistic effects are purely coordinate effeand ~ constant, which determines a space self-interaetftect
cannot correspond to the observed dynamicaland&hav'ng the dimensions of length, describing anothe
relativistic effects. The connections between thbsee  Self-interaction effect and which appears to bery small
relativity theories have become apparent followihg Planck-like length (Cahill and Kerrigan, 2011). W@ctal
discovery that space is a dynamical structure of the textured space at the macrosdeypit has

We give a non-historical presentation, becausebe'en detected by experiments (Cahill, 20ER), 1.

historical presentations were always confused byahk 1.2. Galilean Relativity

of realization that a dynamical space existed,oaigfmn ) _

serious consideration was given to Lorentz Relgtivi We give here a modern statement of Galilean

(Brown, 2001; 2005; Brown and Pooley, 2006). Relativity from the point of view of the paradigm $ect.
But 1st a warning: A common error when discusdiegt 2. The assumptions in GaR are (i) space existsistuat

coordinates with the actual phenomenon of spacdimed ~ Euclidean 3-space {E which entails the notion that space

and also to confuse space intervals, as measuracligr is without structure, (ii) observers measure samktime

or round trip light speed measurements and timesuned intervgls u_sing rods and clocks, whose respece'_mgths .
by an actual clock, with actual intrinsic measweéspace and ime intervals are not a effected by their omi

. i . ; through space, (i) velocities are measured natatio
gno_l tme phenomena: Coordinates are a_lrbltrary,efalsethe observers, where different observers, O ahddlate their
intrinsic measures are set by the dynamics of space

space and time coordinates by:

1.1. Quantum Foam Dynamical Space Pt X=x-viy=y.Z=z )

Our understanding of reality evolves through ongoin
iterations of theory and experiments/observatidiis. ~ Where, V is the relative speed of the observergh@ir
the discussions herein we, as always, need ancixpli common x-direction, for simplicity). The speed wanf
paradigm, otherwise the words “space” and “timeckla  object or waveform (in the x direction) accordiogetach
meaning. To that end we note that a deeper Quantunobserver is related by:
Homotopy Field Theory model of space arises from a
stochastic non-quantum information-theoretic actoun W =W-V 2)
(Cahill, 2005b): this involves an emergent wave- ) _ .
functional W[.., T, .., f] where the configuration space is _ Equation (1) and (2) form the Galilean Relativity
that of homotopic mappings between closed CompactTransformatmr] gnd the underlying assumptions éefm
networks: g S* - S, Fig. 1 these are the Nambu- Galilean Relativity (GaR). Newton based his dynamic
Goldstone modes of the information-theoretic system on Galilean Relativity, in particular his theory gravity,
W[t] evolves in time according to a stochastic fimaal to which General Relativity reduces in the limitlofv
Schrodinger equation and generates a quantum foanmass densities and low speeds.
structure. This wave-functional has an approximate .
embedability in B permitting the use of*fcoordinates r 1.3. Lorentz and Neo-L orentz Relativity
= {x, v, z}. This E is an emergent coarse-grained  When Maxwell formulated his unification of electric
property of the quantum foam and not a separaigyent and magnetic fields (The now standard formalism was
So we are not dealing with a dual system. The modelactually done by Heaviside) the speed of EM waves

also has an absolute/universal time index t. Th&ric
time is observable, but which however is not, inggal, came out to be the constami=1/{l,p, for any

given by “clock time”. Quantum matter is descrildey observer and so independent of the motion of the
wave-functional components having topological observers wrt one another or to space. This overtly
properties-essentially Skyrmionic solitons. A cleab contradicted GaR, in (2).
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Doat 2!

Fig. 1. Left: Representation of space at a microscopic sEsla quantum foam (Quantum Homotopy Field Thewaith)-networks
forming connected 'S shown embedded, at a coarse grain level, innaergent E The quantum foam is fractal, so this
connectivity is repeated at all scales (Cahill, 200Right: Representation of the fractal 3-spacecigidield v(r, t) as
determined by experiment (Cahill, 2012). This detéctpace structure is passing the eartt680km §*, with the velocity
slightly different within each cell. This data ingd that dynamical space has a fractal texture

Hertz (1962) pointed out the obvious fix-up, namidlgt v. =0, ik, v) = ck+ v

Maxwell had mistakenly not used the then-known Eule C

constituent derivative/at +v.00, in place ob/at, where

v is the velocity of some structure to space nadatb an  and we see that the wave has velociyrelative to the
observer, in which case Maxwell's equations woulty ke observer, with the space flowing at velocity v alslative
valid in the local rest frame defined by this sttwe. Inthat  to the observer and so the EM speed is c in dinecti
era a dual model was then considered, namely with ag relative to the aether (LR) or space (nLR). In skiag
Euclidean space "Eand an extended allfiling aether for experimental evidence for the existence of #either,
substance, so that the velocity v was the velomityhe o more generally a Preferred Frame of ReferenE®)P

aether relative to an observer. To be explicitgetonsider  \1-helson conceived of his interferometer. see Apipe
the case of electromagnetic waves, as describethdy A. Unknown to Michelson was that his design had an

vgctor pOtintier‘]I A(T, 1) sgtisfying tﬂ;e E)N"’;VG t_aqulattri](in £y Intrinsic fatal flaw: if operated in vacuum modevies
absence of charges and currents), but using ther Eul . : . -

. LS ) incapable of detecting the PFR effect, while with a
constituent derivative, as suggested by Hertz kmuéd): present, as operated by Michelson and Morley i7188

P 2 was extremely insensitive (Cahill and Kitto, 20@2shill,
[—+v(r,t).l:|) A(r,t) = CCOPA(r, 1) 3) 2005b). The problem was that Michelson had used
ot Newtonian physics, viz GaR, in calibrating the

interferometer, Sect. 6.2. Michelson and Morleyedttd
Here O :{_’_’_}_ In Lorentz Relativity there is a g€ shifts, but they were smaller than expecied
ox oy 9z were interpreted as a null effect: there was nbeaedr
static aether in addition to an actual Euclideamspso vis ~ PFR effect. However Lorentz (1904; 1892) and Gerald
independent of r and t, whereas in neo-LorentztRitja ~ (1889) offered an alternative explanation: physical
v(r, ) describes a dynamical space, with r arestdbing objects, such as the arms supporting the interfetem
a cosmic embedding space and a cosmic time. We fin@Pptical elements, undergo a contraction in thective
plane-wave solutions only for the case where treesp Of movement through the aether, or more generally
flow velocity, relative to an observer, is locatijne and  relative to the PFR: the length becomingL vA-u? /c?,

0 0 0

space independent, viz uniform: where LO is the physical length when at rest wet BIFR
. and  is the speed relative to the PFR. It must be noted
A(r, 1) = Agsin(k.r - wt) that this is not the Lorentz contraction effectdiceed by

SR, as discussed later, as that involves i-u?/c?,

Withw(k,v)=c|k|+vk. The EM wave group here v, is the speed of the arm or any space interval
velocity is then: relative to the observer. The difference betweezseh
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two predictions is stark and has been observedwhere, u is the uniform speed of space (in the x

experimentally and the SR prediction is proven \gron gjrection) and whergv) =1/+/1-v? /& . Note that this is

see Sects. 6'3 and 6.4. . not a Lorentz transformation. If an object has dp&ex
Next consider two observers, O and @ relative  _ ..\t t0 O then it has speed W, X = WT, usthg

motion. Then the actual intrinsic or physical tiraed mixed coordinates. wrt O Equation (é). '

space coordinates of each are, in both LR and nLR, ' |

related by the Galilean transformation and here we W
consider only a uniform v: These coordinates aretime w TV v (6)
directly measured distances/time intervals-theyuireq 1‘Cz +€w
corrections to give the intrinsic values. We haakeh
the simplest case whexeis the intrinsic relative speed Similarly for O using v, w and WO. In particular (6)
of the two observers in their common x directiofisen gives for the relative speed of @rt O in the mixed
from (1) the derivatives are related by: coordinates Equation (7):
9_0_,0906_909_90_20 - v
ot ot X ox'dy oy'oz oz Ve ()
1- . +?v

In the general case space rotations may be made.
Then (The now standard formalism was actually done Using the above we may now express the Galilean

Ey H?a\’is‘ild?) becomes for the 2nd observer, with speed transformation (2) in terms of W/ and V for the
quation (4): mixed coordinates, giving Equation (8):

d ’ -

—+v'O| A t) =02 At 4 -
(2+vi] At =en At @ g WV -

1-WV/c
With A’ (', t') = A(r, t). If the flow velocity v(r, t) is o )

not uniform then we obtain refraction effects foe tEM Which is the usual SR transformation for speeds, bu
waves, capable of producing gravitational lensi@gly here derived exactly from the Galilean tran_sfor_n_ran
for an observer at rest in a time independent aiibnm Note that c enters here purely because of theitefirin

aether (LR) or space (nLR) does v’ disappears f#ymn (5), Wh_ich is de;igned to ensure thgt wrt _the _mixed
space-time coordinates the speed of light is iawdric.

1.4. Special Relativity from Galilean Relativity to see this note that from (5) the transformatifmsthe

The above uses physically intrinsic choices for the derivatives are found to be Equation (9):

time and space coordinates, which are experimgntall

2
accessible. However we could choose to use a ress cl — :y(v)(l—vzja,
of time and space coordinates, indicated by upase-c ¢ )oT
symbols T, X, Y, Z, that mixes the above time apdce d _ va 0
coordinates. We begin by showing that Special Rétlat 5t _V(V)(FEJ’(TX)’ ©)
(SR), with its putative space time as the foundatd o 9 9 9

reality, is nothing more than Galilean Relativit@aR)
written in terms of these mixed space and time
coordinates. The failure to discover this, untilafd,

2008) reveals one of the most fundamental bluniters ﬁ:{—,—,—}. Then we have from (3), for
physics. One class of such mixed coordinates fisr @ is o lxooyaz

important to use different notation for the GaRrdimates ~ uhiform v:

and the SR coordinates: often the same notatiusas,

dy oY'oz oz

0 0 0

illustrating the confusion in this subject) Equati®: (aJZA(R T)= CEPAR.T)
oT ' ’
vi o vx
T =V(V)((l-)t+] _ _
¢’ ) ) with R ={X,Y,z}and AR, T) =A(r,t). The speed of EM
X=yV)x,Y =y,Z=2 waves is now c for all observers. This is a remhaika
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result. In the new class of coordinates the dynamic yet to be done and for the length contraction éffec
equation no longer contains the space velocity hag would involve the quantum theory of matter.

been mapped out of the dynamics. The EM dynamics Finally we note inFig. 2 that the so-called length
is now invariant under Lorentz transformations contraction effect in SR is exactly derivable fr@aR-

Equation (10): and so it is purely a coordinate effect and so has
physical meaning.
T =y\)|T LS 1.5. Detecting L orentz Relativistic Effects
¢’ (10)

We now show how only Lorentz Relativity gives a
valid account of the experimental results dealinighw
light speed anisotropy. To that end we consider the
and we note that for two events with coordinate differing predictions made by the relativity thessifor

X' =y(V) (X VT )Y =y, 2 =Z

differences: {dT, dX} or {dT’, dX’} Equation 11: the length contraction effect and we use data from
Michelson interferometer experiments, which being a
dI? =c2dT? -dX? = 2dT? - dX? (11) 2nd order inv/c detector requires length contraction

effects to be included, when relevant. These
contradictory predictions are compared with dethile

e toving GA o 1 NASA spaccrat cart y Dopplrsh
ying 9 which in LR and nLR do not involve any length

space for an observer using this class of spaceimed  contraction, as no objects/supporting arms arelvedb
coordinates the speed of EM waves relative to theTne flyby Doppler shifts have been also confirmad b
observer is always ¢ and so invariant-there willree  |aboratory 1st order v/ic experiments by Cahill (201
EM speed anisotropy. We could also introduce, and so not requiring 2nd order v/c length contoacti
following Minkowski, “spacetime” light cones along effects to be considered. So we have a critical and
which di? = dT>-dR¥c? = 0. Note that ©f is invariant  decisive test of the relativity theories. In allsea we
under the Lorentz transformation (10). Then paifs o parametrize the calibration _theory for the Michelso
spacetime events could be classified into eitmeediike, ~ Nterferometer travel time difference between t t
dr? > 0, or space-like, @<0, with the time ordering of arms according to Equation (12):
spacelike events not being uniquely defined. Howeve V2
this outcome is merely an artifact of the mixedcgpa At= kz%cos(})) (12)
time coordinates: dT is not the actual time interva ¢

Confusing a space and time coordinate system withyhere, K is the theory-dependent calibration constant.
actual space and time phenomena has confoundegiere L, is the at-rest arm lengths is the relevant
physics for more than 100 years, with this illustth  velocity projected onto the plane of the interfeeden
above by the recently discovered exact relationshipand 0 is the angle between that projected velocity and
between Galilean Relativity and Einstein Relativily ~ one of the armgFig. 3.
mainstream physics it is claimed that Special Rétgt 1 5 | rent;  and  Neo-Lorentz  Relativity
reduces to Galilean Relativity only in t_he limit of Interferometer Calibration
speeds small compared to c. But the various sedall
“relativistic effects” ascribed to Special Relatjviare In both LR and nLR the length contraction effect is
nothing more than coordinate effects-they are eat.r @ real dynamical effect caused by the absolute anoti
It was Lorentz who first gave a possible dynamical Of an actual object wrt aether (LR) or dynamicacp
account of relativistic effects, namely that these a (r_‘LR)' In Sect 2.1 we give a simple analysis that

yields the calibration constant k (n*-1), when n= 1

caused by absolute motion of objects relative @ th is the refractive index of the gas present: forrair

aether (LR) or, now, dynamical space (nLR), which ;.,4459 4t STP, giving%e 0:00058. Some data from
according to the evidence discussed above, is atesol 1o Michelson-Morley and Miller experiments are

motion relative to a dynamical and structured quant  spown inFig. 4, showing, together with other data,
foam substratum: Space. In Lorentz Relativity that this value of k gives excellent agreement with
relativistic effects are genuine dynamical effeatsd the Doppler shift data and different 1st order fig v
must be derived from some dynamical theory. This ha experiments (Cabhill, 2012).
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0 W o

| — |

Fig. 2. Here is derivation of SR length contraction fromliBan Relativity using coordinates introduced B).(Consider two
events:(1) RH end of rod travelling with observervith speed W wrt observer'(asses Cand (2) when LH end passes

O'. Then dX = 0 and I' = WATO defines L For O dX = L and L = WdT. Then (11) give$ £ v1- w’ / ¢’L with W the
speed of the rod wrt'OHowever this is purely a coordinate effect and ha physical significance. Experiment shows that i
is the speed of the rod wrt spacg, thhat actually determines the length contraction

C
‘I
gas
L, u=10
r
v/
r B
A { L.
— D
@
c
oas Ua
_—
s
> A

(b)

Fig. 3. Schematic diagrams of the gas-mode Michelson farteneter, with beam splitter/mirror at A and migcat B and C
mounted on arms from A, with the arms of equal terig when at rest. D is the detector screen. In (a)rtteeferometer is at
rest in space. In (b) the instrument and gas isimgothrough 3-space with speed parallel to the AB arm. Interference
fringes are observed at D when mirrors B and Cnateexactly perpendicular-the Hick’s effect. As tinéerferometer is
rotated in the plane shifts of these fringes aemngp the case of absolute motion, but only ifdipparatus operates in a gas.
By measuring fringe shifts the speedrmay be determined.
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Fig.4. Top: Typical Miller data from 1925/26 gas-mode Mitdon interferometer (Miller, 1933), from averagidg 360° rotations.
Bottom: Data from Michelson-Morley 1887 gas-modtiferometer, from averaging 6 360° rotations. $Rell calibration
for interferometer predicts null effect, in disagmeent with spacecraft Doppler shift data and ldgioin v/c experiments

The gas-mode interferometer experiments and spaftecr
Doppler shift data givee = 500km §'. Note that high-
accuracy vacuum-mode Michelson interferometers will

give a null result (n = 1), as has been repeatdulerved.
1.7. Galilean Relativity Interferometer
Calibration

In Galilean Relativity there is no length contranti
effect and repeating the analysis in Appendix Atheuit
that effect, we obtain’k= r® (=1 for air). This is the
calibration constant used by Michelson-Morley ir871.8
Using this to analyze their data they found thak 10 km
sec. This is in stark conflict with the speed o£600 km
sec” from spacecraft earth-flyby Doppler shift anddrster
in v/c experiments. So Galilean Relativity is ruted.

18. Eingen Reativity
Calibration

There are two routes tc® from Einstein Relativity,
depending on which choice of space and time vagabl

Interferometer

is used. Here we use the Galilean space and time

coordinates, as we have shown that they are thsiqaly
coordinates that underlie SR, in which case=kr?,

,////4 Science Publications 66

giving vp <10 km sec as in Sect. 6.2 and so again is in
stark disagreement with experimental data.

1.9. Einstein Relativity
Calibration

| nterferometer

In this approach we use the mixed space and time
coordinates conventionally used in SR calculatidrigen
the speed of light is c/n-invariant wrt to theserdinates,
but there is no length contraction effect, becdhseearms
are at rest wrt the observer. Then again we fintikh= r?
=1 and in disagreement with the experimental data.

1.10. Dynamical 3-Space and Neo-Lorentzian
Relativity

We briefly outline the dynamical modeling of 3-
space. It involves the space velocity field v(r,dgfined
relative to an observer’s frame of reference andgus
intrinsic space and time coordinates Equation (13):

D.[ﬂ " (v.D)v) +%((trDZ) (D)) +..

- 4G
at P

(13)

PI
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Oxv = 0 and [ = dvi/0x;. The velocity field v describes  non-degenerate choice is possible. The naturakehisi
classically the time evolution of the substratunamum an absolute FoR defined by (i) spatial separat|gns|
foam. The bore hole g anomaly data has revealed  correspond to the intrinsic distance between elésneh
1/137, the fine structure constant. The matter space and (ii) time intervals-t; are absolute cosmic
acceleration is found by determining the trajectofya  time intervals. Such a FoR is used in (13). Absolut
quantum matter wave packet (Cahill, 2006). More cosmic time is now observable-it is the time steps
generally we can vary the pati(ty to maximize the  gefined by a clock that is at rest wrt the locahn so

proper travel tima Equation (14): that the clock shows no dynamical slowing effedtisT

5 merely requires a light speed anisotropy detecide
1= J’ dt /1_7"R(r02(t)'t) (14) measured space speed permits the compensatiaiauka
c moving wrt space of course these coordinates djecu
to the usual arbitrariness in choices of unitshsag meter
and second. Globally the embedding space may It€,an
as in (13), or an’Srequiring a generalization of (13). At a
deeper level the dynamics of space and quantunematt
appears to emerge in a self-organizing process fram
information-theoretic Process Physics (Cahill, 2005
with the classical physics dynamics in (13) aridimgn a
derivative expansion, of the underlying Quantum
Homotopic Field Theory. This information-theoretic
model is a stochastic pattern formation and redimgni
system, with the stochasticity representing a &tion to
Self-Referencing (SRN-Self Referential Noise) arairf

where, w(r(t), 1) = Vp(t)-v(ro(t), t), is the velocity of the
wave packet, at position(t), wrt the local space-a neo-
Lorentzian Relativity effect. This ensures that mjuan
waves propagating along neighboring paths are asgh
and so interfere constructively. This proper time
expression, which entails that the maximum speed wr
space is c, is derived in Appendix B. There itdols
from the dynamical length contraction, which is febe
derived. This maximization gives the quantum matter
geodesic equation fog {t) (Cahill, 2005a) Equation (15):

g:@”v_g)w @x V)X v, — sz 1d["§<]+ .. (15) which space emerges, Iegding to the _phgnomenon of
ot 1-Ve 24t & “locality” and “local dynamics”, but is intrinsicgl non-
¢’ local and highly interconnected.

with g = dvy/dt = d2g/df. The 1st term in g is the Euler 1.11. Deriving  Generalized  Dirac  and
space acceleration a, the 2nd term explains thesd-en Schrodinger Equations
Thirring effect, when the vorticity is non-zero atite

last term explains the precession of orbits. Thevab Because Special Relativity is simply Galilean Relt

using mixed space-time change of coordinates, thié w
Ner&nown SR relativistic effects cannot be actual s
quantum matter waves are refracted by the timephenomena, as discussed above. This implies thaitac
dependent and inhomogeneous 3-space velocity fieldequation, which historically was constructed startivith
The-term in (13) explains the so-called “dark métte SR must in fact have a different origin. Here e the
effects: if a-0 andvg/c -~ O we derive Newtonian Dirac Equation from neo-Lorentz Relativity and whic
gravity, for thefml. g =-4niGp (Cahill, 2005b). Note that gives a generalized form that takes account oéxigence
the relativistic term in (15) arises from the quentmatter  of the dynamical space. The Schrodinger and Diragew
dynamics-not from the space dynamics, which dodgs noequations model quantum matter as wave phenoméha, w
involve c. Dynamical 3-space theory has been tested the particulate aspect of matter, i.e., localizedtten,
laboratory light speed anisotropy measurements, Gaccounted for by localized wave packets. The vBladia
measurement anomalies, bore hole g anomaly, spdicecr Wave packet is given by the group velociy=vIk “(K)[K,
curves, galactic black holes, galactic black hege-s relation and K is the dominant wave vector that
motion correlations, galactic light lensing, unser characterizes the wave packet Equation (16):
expansion dynamics, universe cosmic textures and
filaments and gravitational wave detection expenitse

The dynamics of space necessarily involves a Frame
of Reference (FoR), by which an observer codifiess t where, f(k) is peaked about k = K.
location r and time t of an event. There is a ratand Hence the task is to construct a free-fall wave
fundamental choice for these, although in principtey function equation that gives the Galilean Relajivit

W(r, ) = [Pl (et "
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energy relation E =hw (K) = m’o/2+E, for a free wave W, 1 2

packet, at low speeds and which demangs @ in the H( __%D _'h(v DD+§D w)+mc (23)

limit of high speeds, wheregvis the speed relative to

space and so in accord with (14). Heggi€the energy Generalised to now account for the interactionhef t
of a wave packet at rest wrt to space, which enserge wave function with the dynamical space which, asnsh
below from neo-Lorentz relativity. We begin with an above, gives the emergent phenomenon of gravitg. Th
ansatz for the time evolution i, t) Equation (17): rest mass energy is also present. Equation (21pléore

waves and uniform space flow gives Equation (24):

iha—w:(bz+a2(—ihD)2))"q.l—ih[v.D+1D.vjlp (17) T

at 2 E, = how- p, V= mc?[ I+ \é;‘] (24)
where, a and b are real numbers to be determitany a

with the exponent n. The termivarises from introducing  wherep, = 2k=mv,.The RHS is independent of the
the Euler constituent time derivative, which ensthatitis  Jpconers speed through space and sés Bn intrinsic

motion wrt the dyna1m|cal space that produces dyea@imi 045 re of the energy of the particle. This imptrest
effects. The last terg O, is uniquely determined as the the non-relativistic limit kinetic energy of a pate

1 L .
Euler derivative, by itself, does not lead to anhiéan should be&< :Em"é » which is observer independent.
operator on the RHS, needed to produce a uniterg i To include spin we follow the Dirac idea and gelieza

evolution. For a uniform space flow v wrt an obsgrv (17) by introducing matrices B and@quation (25):
moving uniformly through space and for a plane wave
io(K)t+k.r

solutiony = € , we obtain Equation (18 and 19): -
oY . o 1
ih— =(B-irA ) L|J—Ih[v[lﬂ+—[|@/)l.|,l (25)
AW (k) = (b? + a2 2K2)"+ kv (18) ot 2
The velocity y is then: For a uniform v and a plane wayg we have the
eigenvalue Equation (26) foxk):
v, =0k" (k) = 2n@h k(F + &n2 R 1+ r (19)
(ho k) — ik ¥)1= (B + hA [K)*" (26)
with vg = vo-v. For large k ¥ has the limiting value ¢ )
only if n = 1/2 and a = c. For small k we then d@bta To determine B and A we assume that the RHS
Equation (20): matrix is a unit matrix, up to a scalar factor aaquire
that Equation (27 and 28):
21,2.2
E:hw(k):b+h KC | hkv (20) B’=b’LA’=a’L,LAA =-AAiZjBA =-AB (27)
which produces the Galilean Relativity kinetic gyeterm (k) = (b* + &7 %k*)"+ kv (28)

p”2m (p =hk) only if b = mé. We thus obtain the rest-mass _
energy = mé& when the wave packet is at rest wrt spaceWh'Ch is (18). By the previous nLR arguments wenthe

and not wrt the observer. Equation (17) is thearegplized ~haven=1/2,a=candb= frand we choose B =
spin-0 Schrodinger Equation (21): Ai = G, whereq; and 3 are the usual Dirac matrices, to

satisfy (27), so that (25) becomes the generalizieac
Equation (29):

iy 2 1/2
in Y ome[ 1+ CPD )y v+l (2D
ot m?c? 2 oW 1
ih——ih(céDD+vDD+§DEv)qJ+BmchJ (29)
which for long wavelengths becomes Equation (22):

where, ¢ is now a 4-component spinor. The above

7001 =H(t)Y(r, 1) (22) choice of the matrices B and Wnearizes the operator in
ot (25). We emphasize that this derivation has been
independent of the SR formalism, as it must be Rs S
with the free-fall Hamiltonian Equation (23): contains no actual relativistic effects that are mo
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Galilean Relativity. So the original derivation tfis
equation by Dirac from SR was fortuitous: it aclyal
follows from neo-Lorentz Relativity. Equation (29)

For the other arm, with no contraction Equation
(34 and 35):

automatically gives the phenomenon of gravity withi (Vt,0)? = L2+ (Vot o) 2 (34)
the context of the Dirac spinor. The derivatiorihe rest

mass energy mchas always been problematic within

SR; now we understand why-it is not derivable filéR. ¢ =__ Lo _o - 2L (35)

7z e T e T gt
vZ -V vi-vi

Again in the limit of low k (29) reduces to the Mau
version of the generalized Schrodinger equation,
involving the three 2x2 Pauli matricesfor spin 1/2. giving finally for the travel time difference fohe two
Note: Because of the fractally textured dynamical ;.o Equation (36):
space, the v terms cannot be removed by a change of
Frame of Reference, even locally and which would be 5
expected to have dynamical consequences for quantum 2L,V /1_"7;e
systems, such as providing a mechanism for spacext-= c _

(36)

. .. . 2 _\,2
stimulated transitions and for extreme space fattbns, Ve
say near a black hole, the generation of new matidr
also in the earlier moments of the Universe.

1.12. Gas-M ode Michelson I nterfer ometer

We derive the calibration constant® Kor the
Michelson-Morley interferometers in the case of
Lorentzian Relativity. Or the case of Galilean Riglty
the derivation is simply repeated-without any caation
effect. The two arms are constructed to have timeesa
lengths when they are physically parallel to eattteio
For convenience assume that the valyefLthis length

refers to the lengths when at rest wrt space The

Fitzgerald-Lorentz effect is that the arm AB parhlio
the direction of motion is shortened to Equatio)(3

= Ve
L, =L, il =

where, ¥ is the speed of the arm relative to space.

Following Fig. 3 let the time taken for light to travel
from A -~ B be kg and that from B- A be 5, where V
is the speed of light relative to the gas, whicmisving
with the detector. We shall also neglect the Friedreg
effect, so V = ¢/n. Then Equation (31-33):

N

(30)

Ving =L +Vilys and Vg, =L, —Vity, (31)
t tye +t= ol + al (32)
ABA T 'AB Vv, V+v,
2
2L0v4/1—\::—§
—_— 33
vi-v2 (33)
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Now trivially At = 0 if vg = 0, but alsd\t = 0 when y#
0 but only if V = ¢, viz vacuum. This then wouldsudt in a
null result on rotating the apparatus. Hence thieresult of
the Michelson-Morley apparatus is only for the slezase
of light travelling in vacuum. However if the appars is
immersed in a gas then V < ¢ and a non-null effect
expected on rotating the apparatus, since Abw 0. It is
essential then in analyzing data to correct fa& tefractive
index effect. Putting V = ¢/n in (36) we find, fag <<V
and when = 1, that Equation (37):

2
At :n(nz—l)% (37)

However if the data is analyzed not using the Eitaigl-
Lorentz contraction (30), then, as done in theanldlyses,
the estimated time difference is Equation (38):

2LV 2L
At=—"0 - J 38
Vi-ve (VvE-v2 (38)
which again for y<< V gives Equation (39):
sLovi
At=n*=% (39)

With Fresnel drag and# 1, the sign ofAt in (37) is
reversed (Cabhill, 2005b). Symmetry arguments easily
show that when rotated we obtain a c@3(factor in
(37). When analyzing the data the temperature iedluc
drift in Ly and the Hick's effect, need to be taken into
account, (Cahill, 2009c). Examples of fringe sluiéta
from Michelson and Morley and Miller, are shown in

PI
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Fig. 4, with speeds determined using (37). These speed2009a) and by the operation of Optical-Fiber
agree with speeds from 1st order experiments amd fr Gyroscopes. However there is a spurious “derivatan

the spacecraft earth-flyby Doppler shift data. this using SR. Using the SR choice of coordinatetb)
N . leads to the *“ ition | f velocities” i i
1.13. Clock Slowing in Neo-L orentz Relativity t(;alsst (;)rde? iﬁmpgéhgt?osmg):ve ocities” in {g)ving

The two arms of the Michelson interferometer act as
H “ ” H " H ” —_— le
two independent “photon” clocks, with one “click” \y =/ +V(1— ] (43)
defined to be the round-trip travel time. In vacuunx o
¢, then from above Equation (40):

where, W is the speed of an entity wrt @nd W is the
speed wrt O. If we apply this to light in a dieléctat
rest wrt O, then the light has speed’'W c/n wrt
observer Q according to SR, which implies that the
speed of light wrt O is then Equation (44):

2L, _ Ao
\/cz—v§ \/1—v§/cz

for each arm, wherélt; = 2Ly/c is the travel time when

At =

(40)

Vg = 0. So clocks moving wrt space are slowed. Then c — 1

moving-clock time, as measured by “clicks”, is semvfor W =E+V[1_¥} (44)

a moving clock and we can define the elapsed goesro

time of such a moving clock to be Equation (41): which has the form of (42), but actually has a cletey
different meaning, for her¥ is the speed of the dielectric

A =MY1-V; /¢ (41) wrt O, whereas in (42)rvs the speed of the dielectric wrt

space. Then if the dielectric is at rest wrt\D= 0 and
As shown in Sect.7 whengvis time dependent (44) predicts no Fresnel drag effect, whereas itic@p
and/or inhomogeneous (14) results in refraction of Fiber Gyrocompasses and the 1st order in vic Optica
quantum matter waves and also EM waves. This is théFiber-RF Coaxial-Cable Detector, where the Frednag
explanation for gravity. plays a key role, the observer is at rest wrt tieéedtric.
However this clock slowing effect is not univerdat, Most importantly that (44) is wrong is that the $mel
we can construct a “photon” clock with a gas presmen  drag effect is not present in RF coaxial cableshilCa
from the above the round-trip travel time now defsean ~ 2012), whereas (44) makes no such distinction. Bo S
the angle between the clock arm and the direcfionotion  fails to give the observed properties of the Fresineg
of the clock through space. It is important to ustind that ~ effect. This is to be expected, since in SR itusefy a
it is clocks that are affected by motion throughacep coordinate effect and not an actual dynamical effec
Intrinsip or cosmic_ time may be determined by_ oliser 1.15. Twin Effect
clock time, as defined say by (41) and then camgdor

the absolute motion effect by independently meagus, The twin effect is that a clock,@naking a round trip

using say a 1st order ipfe detector. journey, g(t), will, when returning to the “stay-at-home
clock” clock G, be retarded wrt £ However this is not

1.14. Different Fresnel Dragin SR and LR generally true within nLR, as this description qfi€not

The Fresnel drag effect is another case where IR an We". def'”‘?d within nLR, because both @nd G could
be in motion wrt space and the space may not have a

SR differ and where experiment agrees only withliRe ; - :
rediction. The Fresngl dra isga hen)(;menolo icalu-nlform ve!ocny wrt either observer. The elapsedper
P : 9 P gicaltime for G is Equation (45):

observation that gives the spee@, \imeasured wrt a
dielectric (with refractive index n), when the @iefric

. 2
has speedpwrt space Equation (42): AT, :jont\/l— (?;:r: v, (t),t)] IE: (45)
vD=5+vR(1—i2) (42)
n n where, y = dr/dt-v(ry(t), t) is the velocity of gwrt the

local space and position and time are cosmic coates

This is confirmed by the Optical-Fiber - RF Coaxial and the time T is defined tfgldtro (t)=0-the round-trip

Cable experiment (Cahill, 2012), by Ring-Laser
experiments that detect the sidereal effect, (Gahil condition. A similar expression holds for;.CSpecial
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circumstances are needed to obtain the “twin éffect existence of the dynamical space of course theserdy
Suppose that the space velocity at i€ zero, which  macroscopic coordinates; at a sufficiently smalless

maximizes he Celapsed time, then Equation (46): the concepts of space and time break down. SoliRe n
; RP is the same as that for GaR, but requires mams
Aty =jo dt (46) for the absolute motion effects. We have shown 8fat

is exactly GaR but using special mixed GaR spack an
and it trivially follows thatAt, < Aty = T, which is the  time coordinates, constructed so that the speédhifin
twin effect. This effect is a consequence of alsolu vacuum is isotropic, but only wrt these special

motion wrt space. coordinates. But then there are no true relativistiects,
as no actual dynamical space is a part of SR.
2. CONCLUSION Experiments,  astronomical  observations  and

) ) ) o theoretical discoveries have resulted in a new @ucof

It is now possible to give a definitive accountt®  aajity, with the main development being the recent
Relativity Principle that has emerged from expenmme giscovery of space as a dynamical and fractallyutexi
viz nLR, together with the dynamical space which gystem, This has changed our understanding of the
under_plns that RP. In contrast SR is not based UpOyppropriate “Relativity Principle”, which gives ube
experiment, but emerges logically from GaR, but egjity-determined mapping between observations by
historically emerged from the mistaken belief tha¢  gifferent observers and how a Frame of Reference is
speed of light in vacuum was isotropic or all olses. in principle, to be defined and the “Dynamics of
Then in SR the relativistic effects, such as length Space”, which now explains gravity as an emergent
contractions and time dilations, are purely mathéah phenomenon and leading to an understanding of
coordinate-dependent artifacts, whereas in nLRethes , merous gravitational and space phenomena. The
dynamical effects emerge from dynamics, viz, the gyperiments have now revealed that it is a neo-
motion of actual objects and clocks wrt the dyn@hic | 4rent; Relativity that describes reality, togethéth
space. As dlscusseq _hgrem experiments have tﬂmieel the recently discovered dynamical theory of space.
SR and nLR relativistic effects and only nLR is in \yhen setting up a for an observer must take account
agreement with experiment. _ of the physics of reality, namely that the lengtfs

Because clock rates and object lengths, are affecte .45 are  affected by their absolute motion, or
by absolute motion, it is important to clearly spgcat  5jternatively the distances defined by round-tripvél
least in principle, how space and time coordina@®s  times depends on the observers absolute motion
defined. To that end, in nLR, in principle, one kkbu through space, given that we have now established
measure distances and time intervals using rods anghat the speed of light is c, in vacuum, only wret
clocks, but then these measurements must be cedrect dynamical space. As well clocks are affected byrthe
for absolute motion effects, using an absolute aiglo  absolute motion. While demonstrating that GaR and
detector, with a number of practical designs beingSR are the same RP, it is also possible to show tha
available. These corrected coordinates are thed imse the operation of the GPS is also derivable from the
the neo-Lorentz RP, which are given in (1) and &). dynamical -3-space theory, contrary to the claimt th
these definitions of coordinates depend upon theit is a uniquely GR dependent technology.

Table 1. Space and relativity theories

Theory Embedding space? Dynamical space? Expersment Comments
Galilean No. Space is a Real No. Later Newton Nsphite motion effects Absolute Euclidean space
(GaR) 1632 Euclidean space. suspects aether flow. isagres with later expts. and absolute time.
Lorentz No. Real Euclidean No (static aether). Altsomotion effects. Dual system: absolute
(LR) 1892 Space. No dynamics. 1st detected 1887. bedding space and aether.
Einstein No. Geometric space No. Dynamical spa@etim No real dynamical effects- Equivalent to GaR.
(SR) 1905 and time amalgamated into  in GR-but regudark only coordinate effects. Absolute spaceisn
real spacetime. matter and dark energy. Disagvighexpt. mathematical artefact.
Neo-Lorentz Yes. Emergent property Yes. From quantu Dynamical space 1st detected Inequivalent toI8RGaR.
(nLR) 2005 Euclidean or compact. foam. Causes tyravi 1887. Relativistic effects Generalisation of LR.
Cahill (2005b) Provides coordinate labels and lignding. from absolute motion. Absolute dynamgdce
for dynamical space. Known dynamics:dGp. o = 1/137 from grav. expts. and absolute time.
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Finally it is important to recognize the fundaménta Cabhill, R.T., 2006. Dynamical fractal 3-space ahe t

importance of the NASA spacecral_‘t earth-flyby D_Gﬂllpl generalised schrodinger equation: Equivalence
shift data (Andersoet al., 2008; Cahill, 2009b), for it has principle and vorticity effects. Progress Phys27-34.
confirmed numerous laboratory light speed anisgtrop Cahill, R.T., 2008. Unravelling lorentz covarianaad
experiments, in a way that is independent of thelefiog the spacetime formalism. Progress Phys., 4: 19-24.
of those experiments. In particular that withoue th capill, R.T., 2009a. Combining NASA/JPL one-way
Fitzgerald-Lorentz contraction the 2nd order in vic optical-fiber light-speed data witspacecraft earth-
experiments would be inconsistent with the Dopplefts flyby doppler-shift data to characterise 3-spacevl
and with 1st order in v/c experiments (Cahill, 201&n Progress Phys., 4: 50-64

important new result is the re-emergence of simeitg Cahill, R.T., 2009b. Dynamical 3-Space: A Review. |
as a meaningful actual phenomenon, for cosmic time Eihe} S ace-T}me and Cosmolo i} New Insi. hts
exists, i.e., is now measurable. The existenceosfnic into a ery Physical Medium Le%il/. 3. and Mgc

time and simultaneity, implies that the universe is ) ] :
significantly more interconnected than previously ?;gyzégds')’ Apeiron, ISBN-10: 0973291184, pp:

considered. This will have major consequences fanym ; .
: : : Cahill, R.T., 2009c. Unravelling the dark matterida
h lud logylable 1 ' ' ; )
pnenomena Incuding cosmologyl av'e gives a energy paradigm. Apeiron, 16: 323-375.

comparative summary of the issues discussed.
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