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ABSTRACT

Experiments designed to test Special Relativity are re-
viewed and their capabilities of distinguishing Sﬁepial Re-
lativity from Absolute Space~Time theories is analysed. Of
two specific forms of Absolute theories proposed in recent
years, we show that one is'refﬁted by past ex?er;ments'while

the other is -still in contentiocon.

Key-words: Absolute space-time; Ether theofies:'Spegial re-

lativity.
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« 1.. INTRODUCTION

(1)

In a recent paper s hereafter referred to as I, we have
discussed Lorentz Absolute Space Time Theories (LET for short)
éslpossible contenders for Special Relativity {SR): In-connec-
tion with the rotation-translation of rigid bodies;'UKaspaﬁiic
forms of LET, extended LET ?°3) (2-LET) and strict LET‘?®) (s-1ET)
wefe defined and theoretical predictions of experimentally
'measurabieﬂquantities were derived. The present work is a
followup of I. Now ve review past experiments designed to'test
the validity of SR focusing on their potential capabilities of
distinguishing LET from SR.

In section 2 .we argue that E~LET can be considered eliminated
by'aifeady longstanding expgrimentallresults, in fact by ex-
periments that are older than thethaory itself €n” its specific ver-

(2,3)

sion . This material was first presented by one  of the

present authors (JT). in the 1985 Marcel Grossmann Meeting(“).
In section 3 we concentrate on S-LET and shall see  that
only a few of the experiments in search of violations of SR
-carried out to date are potentially sensitive to the S-LET
piedictions of such violations as derived in.I. This is S0

because, provided Einstein coordinatés(l)

are used, most - of
Physics remains Lorentz invariant even if S-LET is to replace.
SR,.and therefore most experimental confirmations of SR “in
the past may also be interpreted as confirmations of S-LET.

The absence of an "Ether Wind" for example is a conimon feature

of hoth theories.

‘It will be shown that those experiments which potential-
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1y could detect S5~-LET manifestations of non-relativistic . na-
ture were mounted with different purposes in mind (usually
Ether wWind detection) and therefore either the geometry of
the apparatus was such as to induce a canceligtion of the
S-LET effects, or the treatment of the results was unsmitable.;‘:'or a
S~LET minded analysis.

More suitablé‘geometries and analysis of both old and more
recent important experiments are proposed which could elther
discard one of the competing theories or reveal other ins~-
tances of violations of SR. A summary of the material con;
tained in this section has appeared previously in the form of
a_Letter(s)

Sections 2 and 3 have been written in a completely in-

dependent format so that either can be ékipped without. compro

mising the other.

2., EXPERIMENTAL REFUTE OF E-LET

A détéiied description of the basic postulates and as~
sumptions upon which E-LET is built is found in"I. A fundamen-
tal principle is that the free rotation of a rigid.body- is
uniform when obsérved in the Absolute Reference-Frame So - and
described by the absolute coordinates (to,xol. Thus, in S;;
the angular motion of a general point ﬁo(to) = (R (¢°),¢°(to))

in free rotation is given by

¢°(t°) =4 (0) + Rt (1)
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where no is a constant, and this has been called the toﬂamchqg
nization in I. Equation (1) can be converted to the commonly

used Einstein coordinates (t,x) in the laboratory frame S,
X = y(xo - Vto) st o= Y(t° - on)

and becomes(l),

o{t) = ¢(0) .+ Yﬂot + Vnonﬁcos(¢(0) + not)
- (V2/4)sin2($ (0) + 2,t). (2)

In section.4 of I we introduced the possibility that rota
tion might affect the Lorentz-Fitzgerald contraction along V. A para
meter g(R) < 1 has been introduced, satisfying 1img(a +0) = 0,
such that an effective boost factor

Y= - (-gv2yt/2

substitutes the orthodox y. Thus, some point solidary to a
rotating body, a distance R away from the rotation .axis {meas-
ured before rotation takes place} has its pbsition vector, when

(1)

under rotation, given by ’
R(t) = R(1 +8V2/2) cos¢ (L)X + R sing (£)F (3)

As seen from eqgs. 2 and 3, E-LET implies non-rigidity in

Einstein coordinates for the rotating solid'bddy. Such depar-
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twes from a rigid liké& motion could in principle be detected
by optical devices, given the Lorentz invariant character of
the Maxwell equations in vacuum in Einsteéin coordinates. For

that purpose we have cdlculated(l)_the time dependence in vaqu

um of the optical distance L(t) L, + §L(t) between any two
fixed points in a rotating disc, which in the particular case
of endpoints that are equidistant to the centre of . rotation

becomes
GL(t)/Lo = v<xm(¢o/2)— v”Vcos(¢9/2)Sin(¢o/2 +'9tj
+ (8V%/2)sin? (¢ /2 + at)
- (V2/2)cos? (¢, /2)cos (s  + 20t) (4)

Rere L and ¢ are -the lenght and central angle of the optical path
as measured at rest (no rotation) and v = 9°R is the.'average
tangential velocity of its endpoints.

The first term in (4) is related to the Sagnac effecéa)
and is common to bofh SR and LET. The others are all SR vibé
lating (V-dependent) and, as mentioncd in I, a ' theoretiecally
undesirable feature of E-LET as a phfsical theory is manifest
in the last term of (4) which does not vanish as Q »+0, thereby
not leading to pure Lorentz contraction as a no-rotation limit.
This constitutes a strbng theoretical argument §qainst E~LET.

In the remainder of this section we show that two past
experiments constitute sufficient proof against this theory.

To consider the orders of magnitude involved in (4), we  as-
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sociate V to the Earth's translation velocity(7) in the iso-
tropy frame of the Universe's background microwave radiation,
v 1073,

E-LEf predictions have been inside the experimental detec
tion limits for many decades noﬁ, but most experimental set
tings were such as to have optical paths along the diameters

of a rotating base {say, a turnuﬂﬂe), tunning through the centre

of rotation with the consequent“vanishing of all terms in (4)

f

-(cos(¢°/2) = 0} except for the B?term. This is of course a
handicap  towards the manifestation of possiblé E-LET effects,
but on the other hand it is fortunate that the g-term, which
originates from a supposedly daﬁped Lbrenti contraction due to
rotation, can be studied in isolation.

" Past exberiments indeed set véry low upper'limits for g(R)
in the low f§ domain. Michelson—-Morley type-optical length meas
urements via the analysis of interference fringes culminate

(8)

with the Jena experiment of Joos in 1930. This is ' a null re

sult of the form

=11

GL/Lo N 10 cos 2t

setting a limit 8(R) g 10~° for the low values of @ ~ 1ls” ! ty-

pical of such experiments. Under the same conditions of :.opti-
cal lengths that run through the centre of rotation we also

find experiments with high n. These are the more recent Doppler

-

Shift measurements of frequency fluctuations Gv/v between sour

ce and absorber mounted on a fast {9 n 103s 1) rotor(g’lo).

Unfortunately only the "Ether-Wind" like first harmonic
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(V.7 ~ cosfit) dependence of Gv/vo'was analysed in such experi
ments whereas the "g-effect" predictioné for Gv/vo are of
second harmonic natu£e(1). _It might be instructive, if still
possible, to retrieve fhose measurements and investigate: a
cos 20t ~ like dependeﬁce.

Going back fo-eq. {4) , its lastﬁhﬁdndepakat)' term, a-
gainst whiéh we have objected on theoretical gfounds,praﬁcts-
a'lafge (~10'5) second hafménic effect which could have been
detected, if exi;tent, as early as 1881 when.Michelson was
experimenting with a hon-rotating interferometer .. with a
514/1.':.'\:10-77 sensitivity. The rotating base can then be thought
of as being the Earth itsélf.fMost “EthEr Wind" experiments,
_both in the length shift and Db&ppler shift categor?es, were
run with optical arms passing through the centre of rotation,
thus masking the predictions of eq. (4). Two experiméﬁts. how-
ever escape this handicap.

Jaseja et a1, (11>

measured relative frequency shifts bet
ween two maser cavities placed on a turntable, By measuring
highly monochromatic frequency shifts (for each cavity,lav/v6=
- GL/LO) this experiment is a significant technological "im-
provement over the Michelson-Morley vefsion which relies on op
tical interferometry. Jaseja et al. mounted both identical
cavities along two perpendicular diameters of'avrotatingfzb}e
that oscilates between two extreme positions at angles o angd
8 + n/2 at which it is instantly at rest with respect .to the
Earth. At these two extreme positions the apparatus is in ro-

tation only around the Earth's axis and, from eq. (4), _as-

suming 8 to be along the East~West direction, we should ex-
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pect (we drop here the 8-texrm)
SL/L_ % 107% cos2a_t + 107 % sinat (5)

where RE is the Earth's angular frequency and an overall fac
tor o has been introduced (0 <o« <1) bepause the table is at its
rest positions instantly, not permanently. We therefore do not
know to what extent the apparatus can Be thoug;ht of as seolidary
(firmly anchored) to the Earth (a = 1) ox-iinsensitive to the
Earth's rotation (a = 0).

The result of the Jaseja et al. experiment is
~11
sL/L_ % 10 sin2a .t . (6)

A first harmonic analysis of their measurements is not explicite
ly given, but from their. published data, Tiomno'?? shows that

it should be consistent with

SL/L, £ 10710 sin At . )

Equations 5,6 and 7 disprove E-LET, suggesting values of
o of the order 10~ ° for the second harmonic.analysis and 107!
for the first harménic.

A further sensitivity improvement is theihillet-ﬁall(la)
readéut of a stable etalon of length achieved with laser fre-
quency locking techniques. In tﬁis exper iment thellenghh etalon

rotates non diémétrally with angqular frequency w X 6 rpm and

the result is
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SL/L_ = (1.5 £°2.5) x 1075 cos 2wt .

It Bimmxwes E~LET's second harmoniq effect prediction by nine

orders of magnitude despite its rather suitable geometry for

the manifestation of that effect. |
Closing this section we feel we have presented enough e-

vidence, both theoretical and experimental, against E-LET.

3. THE DETECTION OF S-LET

A detailed description of the basic postulates and as-
sumptions upon which S-LET is built is found in I. A fundamen-
tal principle is that the free rotation of. é rigid body as - observeé
in a co-moving inertial frame § is uniform when-described by.
the Fitigerqld-Lorentz coordinates (T,X} which relate to the
usual Einstein (t,x} coordinates, and to the absolute (to, xo)

coordinates by (c =1),
X=x=Y(xo -Vto)
(8)

T = y"‘tb =t + Vx(t)

These coordinates were called "Ives-Marinov" in ref. [ 3].

]

" Thus, in S, the angular motion of a general point §(T)

(R, ¢(T}) in free rotation is given by

${T) = (0) + aT , {9)
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where R and R are .constants, and this has been called the T
synchronization in I. Equation {9) can be re-written in the

" more intuitive and usefullEinstein coordiﬁates
$(t) = ¢(0) + a(t + V.R(t))
which together with(-”')
R(t) = Rcos¢(t)® + R sin¢ (t) ¥
yield
¢(t) = ¢(Q) + Qt + QRV cos(ﬁ(O) + Qt). (10)

As seen in equation (10), S-LET implies non-rigidity in
Einstein toordinates .for the rotating solid body Such departures
from a rigid like motion could in principle be detected by
optical devices, given the Lorentz invariant character of E-
lectromagnetism in Einstein coordinates. For that purpose we

have calchlated(l)

the time dependence of the.opticalduQUrme
L(t) = Lo + SL(t) between any two fixed points in a rotating
disc.

In the particular case of endpocints that are equidistant

to the centre of rotation we find
GL{t)/Lo = v cos(¢o/2) - v\?cos(¢°/2)sin(¢o/2 + Qt) - {11)

Here Lo and ¢, are the length and central angle of the optical
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path as measured at rest (no rotation) and v = R is the aver
age tangential velocity of its endpeints.

The first term in (11) is related to thé sagnac effect(5)
and is common to both SR and LET. The second is a manifest vio
létion of SR whose e#perimentai detection is discussed next.

For order of magnitude estimation we associate V to khe
Earth's translation velocity(7) in the-isotropy frame of the
Universe®s background microwave radiation, V = 1073,

Let us consider first optical interferometry experiments
of the Michelson and Morley type, of which the most notable and
precise was carried out by Joos{®? in 1930. His apparatus  is
sensitive to relative length variations (or equivalently varia
tions in the photon transit time) between the ends of two per-
éendicular and identically b&ux optical paths. Experiments of
this type were carried with spectrometers placed in a turntable
in nearly free rotation, the optiéal arms lying-alqng rotation
diameters. ﬁnder such circumstances, the S-LET predicted SL/L/
is not observable due to the vanishing of cos(¢D/2) in eq. (11)
with ¢ = n .

Now suppose the same interferometer firmly anchored  to
the ground. Then its rotation movement is that of the Earth,

with a tangential velocity v ~ 107°

if far from the poles.
Supposing dne of the optical arms fixed aiong the East-West di-
rection, its length L, according to (1l1), will vary as

GL/L° = vV sinat ~ 10-9 sinQt ¢ {12)

f being the Earth's angular velocity and the North-South arm
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-11~-

serving as a standérd of unchanging lenth.
Joos! measurements were analysed for a second  harmonic
(Ether-Wind like) dependence on the table's rotation angle ut,

and yielded a null result of
SL/L, £ 107! cos2ut

consistent with both SR and S-LE‘T.I'Ihis is however an. indication
that his apparatus, as early aé 1930, if mounted,in the con-
ditions of the preceeding paragraph, might 'be  sufficiently
sensitive to detect the S~LET effect of eq. (12).

The later experiments of Jaseja et al. ') ana Brillet-
Halltlz) are.also measurements df_ﬁL/Lo, now with the sensiti
vity advantages of highly monochiomatic 1asef.frequency metro-
logy rather than optical interferometry. Jéseja et al. searched
- for relative length shifts SL in the optical paths between the
reflecting ends of twd qasers mouﬁted perpehdicularly on a
rotating ﬁlatform. Relative frequehcy shifts are méasured ang
related to length shifts by sv/vo = - GL/LO; The platférm'
oscillates horizontally between two extreme positions at angles
eo and eo + %/2 at which it is inqtantly at rest relative to
the Earth. From.eq. (11}, assuming edltolbe'along the East-
West direction, the S-LET prediction for measurements at the
two extreme (rest) positions is as in eq.. (12).

Jaseja eﬁ' al. analysed the twelvehour period (Ether drift
like, ~ sinznt? dependehce of their data and.ﬁresent a null re

sult
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-12=-

SL/L_ £ 107! gin2at ..

However, one of the present authors (J.T.) has shown(IZ) that
their published experimental points (Jaseja et al. fig.'3}
for a six hours'run can comfortably accomodate a first har-

monic dependence
s/ ¥ 107 sinat

Such result can be :made compatible with the S-LET pre-
diction if we remember that two_faétors are possibly_missinq.
in eq.’ (12). First, the apparatus is mounted on a turntable

"and not permanently at rest. S-LET effects due to the Earth's
rotation may therefore only be partial. Second, if the LR
direction ié not along the Eaéf—Westt.a further factor of
cos(26;) is needed in (12), where e; measures how much 8,
departs from the 'Easﬁ-wést. Note that if thé two.maéers are
‘at equal angles (457) with the East-West, no S-LET . effect
connected with the]&ﬁih's rotation should show up, since any
length variations in both cavities will he identical and the
apparatus islsensitive to relative length changes. It is clear
that ghesé two facts may easily account for a factor of 107!
in (12), and this leaves S-LET very much in contention.

A very significant sensitivity improvement is the Brillet
and Hall(lq) readout of a stable etalon of length  achieved
with laser frequéhcy locking techniques. The entire electro-
optical apparatus was mounted onto a‘moto:-driven continubug

ly rotating turntable at w = 0.1 cps. Analysingthe Ether -
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-]13=-

¢ drift like second. harmonic laser fresmuency beat, they find a
 nu1l result of 6L/L° = (1.5 % 2.5) x 10715 g8in24t, a four or-
der of magnitude improvement over previous results.

The éxact geometry of the experimental mounting iﬁ not
given in their paper. Neverthélqss we may arrive at ah estimate
of the S-LET predicted sine wave effects knowiﬁg the dimensions
(90-x40‘ cm.}) and angular speed of the. turntable, -the &e'{igth
(30 cn:) of the interferometer and its approximate position
‘relative . to the centre of rotation (Brillet-Hall Fig._l).‘
It seems that this mounting is indeed appropriate to the de-
tection of S-LET, having algeometry that resembles ;pe most
_fawmngbie configu:atioh for that purpose, according to eq.(lll
:in paper I. Such configuration is fhat in which the interfero
mefef has.its mirror‘ends equidistant from the rotation axis
and determining a central angle of ﬁ/2. Under these conditions (Rl%

R, ¥ 20 cm, v~ 107°%, eq. I-(11) reads
SL/L, ~ 1072 sinut . (13)

It is intriguing that Brillet and Hall report a spurious
sipé5 wave signal, allegedly dﬁe to gravitational stretching
of the inferférometer, which exactly matches egq. (13).

Another method of SR vioclation detection we consider is
the Dbpplef shift measurement .of radiation between absorbef
and source that are the endpoints of a rotating optical path.
In I we obtained aﬁ expreséion for the D8ppler frequency fluc
tuations-av/vs expected in LET, where v is the natural fre-

quency of the emitter at rest. In the case of S~LET, with_ ab
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sorber and source equidistant to the centre of rotation and
defining a central angle ¢°:

§v/v, = y2y Sin¢ocos(¢o'/2 + at) (14)

Déppler type experiments in a rotéting frame generally ex
hibited absorber and source in diéﬁgtralf opposition (¢o = W)
or in conjunction (¢° = 0) at diffgrentrmﬁi- Notable examplés
of each kind are respectively references 9 and 10.

Again, such geometries, suitecble for an Ether-wind search,
are inadequate for the.detection.bf.S-LET non-rigidity effects
which are of angular (and not radial)'origin{

Suﬁposing.absorber and source in quadrature (¢° = n/2) and
-taking typiéal values for vi{n 10*5) in D8ppler expefimentéﬁi!oz
eq. {14) predicts

T15 cosat |,

Gv/vo ~ 10
an effect still (but only. just) outside the sensitivity of re-

ferences 9 and 10.

4. CONCLUSIONS

, - 3.4
We have shown that the theory we called S—LET( »*) still
stands as a contender to Special Relativity. Of course, this
is probably so becausc no expefiments to this date were per-

formed with S-LET in mind, and most were run in rather . un-
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favourable conditions-for the detection of cSL/Lo {eq. 11} or
Gv/vo (eq. 14). However, a few modifications in the geometry
and running of the original experiments,-might render then
-quite effective in discarding one of the competing theories.
In the length'measurement. domain, we suggesg that  ex-

(e and Jasej.a et':al.(ll) be .

periments such as those of Joos
Irepeated with one of the optical arms aligned with the IEast
West direction, the whole apﬁaratus solidary to the Earth's-
rotation. Hourly data could be recorded for several days and
analysed for a 24 hour period 'first harmonic) dependence,
with possible_repetitions in different times of the year.

“As to the Brillet and Hall(la)experiﬁent, we think it
should be repeated in search of a better understanding of theiri
sine wave signal. If of S-LET ordgin, then in anchored condi-
'tions with interferometeér:along tﬁe Easthest, it “should show .
up some 103 times 1a;ger (since-v-is now 10“-6 instead of the
original 10~°) with a 24 hour period. Also, in a turntable with
tunable angular speed w, a S~LET predicted linear dependence
of the amplitude of sL/Ld with w might be detectable.

Finallf, given that the sensitivity ef present Dﬁépler_
.shift analysers has improved sinne the experiments of refer-
ences 9 and 10, the DOppler techhology mieht be quite effec-
tive in the detection of the.S-LET predicted longitudinal mo-
tion between absorber and source under rotation in eq. (14)
Transverse contributiOAEto the Ddppler shift are not present
in {14) because, being damped by another faetor of v2?, are

far beyond detectability. This explains why the most . 'sui-

table geometry is that of absorber and source in guadrature.
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