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Resumo

Efeitos que podem distinguir a Teoria do Eter de Lorentz da
Teoria da Relatividade Restrita de Einstein, e suas medidas, sao

analisades.



Abstract
Effects that could distinguish the Lorentz Aether Theory from
Einstein's Special Relativity, and their measurability, are ana=

lysed.
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In 1980 one of us (J.T.) arqued* that almost all of the veryprecise expe -
riments which supposedly confirm Einstein's Special Theory of Relativity (SR)
are also in agreement with a version of the Iorentz Rether Theory (LAT) ™7,
In this formulation, which does not consider the propagation of
light in dispersive media, almost all of the physical phenomena
are assumed to be Lorentz invariant, such as: Electromagnetism and
the propagation of light in vacuum; Dynamics of point particles
and field equations; properties of materials in uniform transla-
tion relative to some privileged inertial frame L{Sa)_' to be possibly iden
tified with that in which the Universe's Background Radiation is
.isotr0pic.5 Leaving other considerations for the future, it was
assumed that only for accelerated solid bodies deo violations of
SR exist. They originate from the basic assumption that, for roto-
~translating "rigid" bodies, viewed in the co-moving inertial frame S (where
the axis of rotation is at rest), the rigidity may not be defined
relative to Einstein-lLorentz coordinates (§,t) which are related
to those in Sa(;a'ta) by Lorentz transformations as required by
SR. Instead, we consider the possibility that, in 8§, rigidity is
associated to the Ives coordinates® (i,T):X=Y(xa-Vtal } Y::ya;
-1/2

Z=2 ; ta=YT; ‘Y=(1—-V2)

a : c=1. Such cdordinates conform to the

principle of isotropy of the propagation of light in S, (but not in
S}, the Lorentz~Fitzgerald contraction relative to the global
translaticon velocity %::Via and the Lorentz time dilation.
They differ from the Einstein-Lorentz coordinates
in that they do not contain the Einstein synchronization phase dif-

ferences in time. Thus T is an absolute time as well as ta, and



relates to the Einstein time by T=t«V.X. Rigidity in LAT is there
fore such that if_i.and j are any two points in a rotating solid
body, then [%i(T)-ij(T)l=constant (we are neglecting possible lo-
cal Lorentz contractions of the rotating body* which are effects of
higher order than those considered here), Notice that this defini
tion necessarily implies non rigidity either in the Einstein coor
dinates, due to the mentioned differences in synchronization, or
in absolute coordinates (§a,ta) due to a global Lorentz contrac-

tion associated with ¥. This theory was called strict LAT (SLAT)

in reference 2,

A straightforward consequence of the above-defined rigidity

is that any Ives—dqécribed point attached to a u-
niformly = rotating body will have its angular equation of mo-
tion ¢ (T} given by d¢/dT=w,, a constant. As we shall see, in the
Einstein and absolute descriptions respectively, d¢/dt=w(t) and
d¢a/dta=wa(ta) are both functions of time. Thus, our formulation
of SLAT'™® is characterized by the Ives-rigidity assumption to-
gether with its consequence d¢/dT=w,. These are the sources of the
possible violations of SR that we consider 1in experiments in-
volving rotating bodies {or the Earth itself). We note
that the results of the Marinov experiment,’ which lead to a val-

ue of V compatible with that of reference 5, do agree with ILAT but

not with SR,
It is our intent here to propose some crucial experiments which

could either discard this formulation of SIAT or prove the existence
of other instances of violation of SR. Such experiments, all within
present technological possibilities, were not yet per formed be-
cause experimental physicists were looking for different effects
and frequently their choice of the experimental arrangement in-

duced a cancellation of the SR violating effects we predict (see



below). The simplest example is that of the Michelson-Morley ex-
perinent for which an effect &L/L'\aﬁnhﬁ.? is predicted for the

length variation of one of the optical arms if it is placed a-

+ B4

long its tangential rotation velocity ¥ =w»R (Einstein descriptiond
and vanishing if 1.v=0. Thus, if L is in the East-West direction and fixed

to the ground, AL/L ~ 1072

cos wt which could have been detected by Mi-
chelson and Morley themselves. However, not only were they loocking
for a cos 2wt .effect, but also they soon put the spectrometer to
rotate as done in all following such experiments. This brings the

- > o
12 coswt, as now w and R are not anymore those

effect down to 10
of the rotating Earth but of the table. Besides, as their light
rays travel approximately along diameters of the rotating table,
there is a nearly total cancellation of the effect (see thecosy,
factor in equation 3). Nevertheless some effect might have.sur
vived if, given that the rotation of the equipment is not comple
tely free, an existing friction torque would transmit to the ro-
tating table some fraction a (presumably small) of the Earth's
deformation due to its own rotation, thus leading to - AL/L '\alo"ga coswt.
Therefore we shall consider only experiments with equipment firm
ly anchored to the rotating Earth (0=1), or in fast free rotation(a<<l).

Let us first derive our predictions for a few SR violating
effects. We use, even.in LAT, Einstein coordinates in the co-moving
frame (where now light propagates isotropically), and the defini-
tions v, =w,R and c=1. Consider a freely rotating disk that tray
els with a translational ¥elocity §==V2 with respect to the ab-
solute frame S_. For simplicity we assume V to be in the plane of
the disk. In the co-moving inertial frame S, in Ives ooordinates,
gsome point in that disk is described by the polar vector rela-

tive to the centre of rotation ﬁ(T) = (R, $(T)) such that d¢p/dT=w,,



F4‘H

R and w, being constants of the motion. In Einstein coordinates,

R(t) = (R_,6_(£)) where R_=R, ¢_(t) =¢(T) and (a dot means d/dt)
b o(e) = (ap(m/am T = W (1+V.R (1))
which may be integrated to (we now drop the index ¢)

$(t) = ¢(0) + w,t + Vv, cos(d(o)+w,t) +0(viV?) (1)

The optical distance between any two points in the disk is

Lie) = |&, (t+8t) =R (£)] where L(t) = §t(t) is the light transit
time from 1 to 2. If [R (t)[ =R, (t)[ =R, then L(t) = 2R sin (A¢/2)
where ﬂ¢==¢2(t-+6t)-¢1(t) is readily obtained from equation {(1).

With the convention ¢,(0) =2y, and ¢, (0) =0 we find

L(t) = L, - Rv,V sin2y sin(w t+p ;) + O(viV?) (2)
where (we consider v, %‘Vz,vﬂilo-g)

L, = ZRsinwo(l+vocosw°-(v§/2) sindy, + 6(v}))

If V is in the direction of the axis of rotation no time depen-
dent distortion of the body is produced. Thus only the component
of ¥ orthogonal to the axis is effective.

We shall concentrate here on two different methods of search
for SR violations in the dynamics of rotating bodies. One deals

with the detection of length shifts AL in the optical path {or



equivalently shifts in the photon time of flight) between two
points, generally twb reflecting mirrors, solidary to a rotating
disk. The other method uses Doppler shift technology with an . e-
mitter and an absorber as endpoints of the rotating optical path.

In equation (2), L(t) corresponds to the observed length of
a chord with central angle 2y, as measured before rotation. There

fore, our prediction for experiments which are sensitive to length

shifts AL is
AL/L, » =v,V cosy, sin(w t+),) + 0i(viv) (3)

As for Doppler detéction, let v, v, and v, be the light fre
quency (Einstein time) as measured respectively in S, in the ing
tantaneous rest frame of the emitter, and in that of the absorber.

Then, according to SR (or SLAT in Eimstein coordinates), whatever
the position and motion of emitter and absorber,
- -1 ~ 3 -1
v o= uu[ye(l-k.ﬁe)] = va[yatl-k.ﬁa)] .
where y’=(l-ﬁ2)_1/2 with subscripts referring to eémitter and ab-
sorber, and k is the unit vector in the direction of propagation

as observed in S. In Doppler type experiments, the observed quan

tity is the frequency shift

- 3 54
av/vy = (v =v ) /v, = k. (R_(£) =R_(t+6t)) + 0(v))  (4)

Again for |R1(t)|=|R2(t)|=R and coplanar motion, this is
readily found to be -L(t) which, from equation (2), gives as a

SLAT prediction,

Av/v = vﬁVsinzwocos(wotéyo) + 0(v§,v§V2) {5)



Next, a few words about the experimental verifications of SR.
only a few of the experiments carried out to date are potentially
sensitive to the SR-violating effects we investigate here. For ins
tance, of all experiments quoted in reference 9, only that of Ja-
seja et al.*® can distinguish our SIAT from SR. The Champeney - Moon®
and Turner-Hill*' experiments, with respective results ﬁvﬁ%§;1642
and 10-!* with the cos wt dependence, should possibly find non mull
results, if SLAT is correct, only for sensitivities belowlﬂ'?and

10”2

(cos wt) respectively. Indeed, according to SLAT, both ex-
periments should lead to exactly null results for a point absorber
placed: (i) radially opposite to the source in the Champeney-Moon
experiment (2y,=7 in eq. 5). (ii) at the axis of rotation in the
Turner-Hill experiment (§a=0 and ﬁ.ﬁe=0 in eq. 4).

Allowing for a small extension of the absorber and a small de
parture from 2y,=7 in eq. 5 we find the above mentioned result of

10~ %

cos wt for the Champeney-Moon value of Av/v,. Inthe Turner-
~Hill experiment, the transverse Doppler effect Av/v = (v: (_t+<5t)—v: (t)/2
is dominant, and we find the quoted departure from the S.R. prediction of
(Av/v + vij2 = va sinwen 102 sinwt)

where v 1is the average value of v, and about ten times larger than that of
v . This is independent of the distance between the orbital planes of
source and absorber, and well outside present experimental detec
tion limits.

The Michelson-Morley type slow rotating experiment of Joos!'?
leads to a null result of the form AL/L < 10™* cos 2wyt (w, being
the Earth's angular velocity), in agreement with both SLAT and

SR which predict no second harmonic effects. This experiment was

carried at an angular velocity of the turntable of one rotation



every ten minutes, which makes the table's v far too small for
detection of the SLAT predicted first harmonic effect of equa-
tion 3. Besides, the fact that both optical arms meet at the cen
tre of rotation implies the vanishing of cosy, in eq. 3, rendering
any detection even more remote, This illustrates well our earlier
comment that freguently the choice of experimental arrangements
was not adequate for a SLAT vs.SR analysis since experimentalists
were looking for different effects. The Turner-Hill experiment is
another such example.

If an experiment similar to Joos' can be performed with: (i) a
much higher turntable angular velocity of one rotation per second
and (ii) either one or both optical arms along ~90° central angle
chords of a circle relative to the turntable's center, thenthe SLAT
prediction from eq. 3 is AL/L~10™™ sinwt.

The Jaseja et alfm experiment is sensitive to length shifts AL in the op-
cal péth between the reflecting ends of two maser cavities placed or
thogonally in a rotating table. By measuring the frequency . shifts,
which for each maser are equal to ~-AL/L4, the experiment repre-
sents an improvement over that of Michelson and Morley in that it
relies on highly monochromatic maser frequency metrology rather
than optical interferometry. The table oscillates horizontally be-
tween two extreme positions at angles 8, and &, + n/2 at which it
is instantly at rest relative to the Earth.: From eq.(3), assuming &, to
be the East West direction, we should expect AL/L,vwWea sinwt (v 10°%q sin wt),
v and w being the Earth's rotation tangential and angular veloci
ties. o is the above mentioned friction coefficient (o=l for ta-
ble solidary to Earth; o=0 for completely free rotation) intro-

duced here because the table's rest position is not permanent in



this experiment. Jaseja et al.!’ present a result EHJLoélﬂ"Jlag
suming a sin 2wt effect. Tiomno  showed that fitting their results
to a sinwt dependence according to eq.({(3) and using V as in ref., 5
gives now AL/L % 10™'* and thus a n0.1.

A further sensitivity improvement is the Brillet~Hall readout of a
stable etalon of length achieved with laser frequency locking technigques.
They present a null result of ﬁL/Lu= (1.5+2.5) x 10”Y® with the cos2ft
signature (£ is the angular velocity of their rotating table).
This does not exclude SIAT which predicts a null effect (as does
SR) in cos2ft. However, they report a spurious sine-wave signal
(allegedly due to gravitational stretching of the interferometer)
which gives &L/LJblO-lzstIft, about five times our prediction
from eq.(3) of 2x10™*? which should be masked by the larger spu-
rious effect. From the above we conclude that:

(I) The Brillet-Hall experiment should be repeated in search
of a possible separation of the contribution to the sine wave
length variation due to spurious effects from that due to the known
value of V.° The latter effect is linearly dependent on the rota
tion velocity |3| and also dependent on the measurable angle be-
tween Vv and 3.

(IT) The Champeney-Moona experiment should be repeated with ab-
gorber and source in quadrature at equal radii since eq. {4} with 2y,=n/2 gives,
for the conditions of this experiment, ﬁu/vn'blo-lscos‘wdt which
is within present measurement capabilities, heing only a one or-
der of magnitude improvement over the Turner-Hill experiment.

(III) The Jaseja et al.!’ experiment should be repeated

with one of the optical paths aligned with the East-

-West direction, the whole apparatus solidary to the Earth's ro-



tation (a=1). As in (I), hourly data could be recorded for sever

al days and the experiment repeated in different times of the
year. The same can be said of the traditional experiment of Mi-
chelson and Morley in anchored conditions for which eq. (3) pre-

dicts &L/L'MIO'gsijnwEt, Vg being the Earth's angular velocity.

(IV) Finally, the Marinov’ experiment, which lead one of us (J.T.) to
consider such problems,! should be independently repeated even if
to prove it wrong., 0ddly enough this experiment, which apparently
raises more difficult technical problems than the others mentioned

here, has been carried out in a comparatively less sophisticated

laboratory.
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