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1 ~ Introduction 

As itis known, at present there are two principally different vie~s ori the 

nature of relativistic eff~cts .. A, part of physicists, following Poincare and 

Lor~ntz, consider the~ as a ~~nseq~ence of deformations experien~ed by 

bodies mo~ing relative to the preferr~d (ether) refe~ence fra~~e .. Other 

physicists, like Einstein, consid~r these effects as a ~~re kin'e;natic con­

sequence of the simultaneity in moving and motionless frames. 
-_ jl ··.-( : -, ' ., :; 

Our aim is to try to distinguish these two viewpoints observing a 
' ; ) '~; ~ ' ; .· ., - : ' . ' ' 1. . 

possible change of an interference of an i,ncoming and the refracted laser 

rays depending on the reference frame velocity. 
Einsteinean: theory says that such adepe~denc~ is not to he present 

since otherwise one would be able to discover. the fa~t of an inertial mo-

tion being inside a .isolated system. However, from the viewpoint of 

those who share the Lorentz's idea about the existance of some preferred . . ·.- :.. ; . ,.. ; 

reference frame, in the considered experiment one can measure an inter-

ference fringe displacement. owing to a time delay in the process of the 

ray refraction. , " .,: 
In addition, one more question remains undecided. The special rela-

tivity is based on the purely classic~} pri~cipl_e of the time synchronization 

which, in one's turn, assuriu~s an instanta~~ous, without any delay, re­

flection of the sent signal. At first sight we encouter here a:· contradiction 

with the fact of a finite duratioii1 ofe~Citation' and 'deexcitation processes ' 

of atoms inside inirtors' due to ~hich the refraction is realized. Never-~ 
theless, we shall show that the known Lor~ntz transformation:; conserve 

their form even if th.~ time delay is explicitly taken into account. 

In ;the next Section the intei:ferf:mce experiment arid its results; are 

described. Sect. 3 is·devoted to a theoretical consideration ofthe Lorentz 

transformations with 'a time delay: In. Sect. 4 we discuss the results;; 
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2 Experiment with the delayed refraction 
.. . . " ~ - . 

Now our goal is to check up the velocity dependence of an interference 

. of h~o laser rays. The. principal idea of suclta check~up can b~ ~xphtined 
by the followin~ gedanken exp~riment. Let ~~ · b~agi~e tw6 pa.raliel co­

herentlight. beams in a refer~rice frame nioving with a velo~ity v. One'~f 
th~s~ beams get;immediately it~ to an interferometer but th~ oiher bearh 

enco~ntering a' mirror is ~bso~bed; i. :e. is. detain~d ·for a some tin{e t 0 

and then is· emitted into theinterferometer. IftheLorentz'sidea on the 
' . . ; . - . ; ' ' • : ; ' •, ' . ! ! : d • • • - ' - ( • -~ 

preferred referenc~ frame is true, than turning the plate WhEre a light 

bea~ source and th~ iri'terf~romete:r ~re l~cated perp~ndicul~'rly 'to the 

frame velocity vector v will results in~ relativ~ phase 'sliift ~:flight beams 

cp ~nd, ther~fore, the fringes in the i~terferometer will b~ displ~ced. 
Ac~~rding to the Lmentz's idea the light ~elocity.iii'the moYing frame 

is c+ v, so the tirties during which two mentioned ab~Je:~ays 'run from 

tl~eir common sour~e up· to the interferometer 
. I ' ~ . \ ' I.I I '0 

t 1 ~ ,xf(c+ v), t2 =: to+(x --:.};'.~)/(s;t,v) ( 1)' 

. and the corresponding time delay T = t 2 - t 1• In the case oftl: e perpen­

dicular disposition of the installation. 

i ~ > • .. li .. 
t 1' ;;_·xjc, 

. with the delay r' = t2' --: it'. 
l ~ \ ..._ ..• - • ~". .• . . . i 

t2' ~ t0 +'xjc: I: 
(2) 

. . . _The time difference, determining the interference picture changes in 
'' '· '' ~ j '-' • - • ; <> J" ' ; I • • , 

the~processiof the transition from an initial disposition to the perpendic-
, ,J • • ~ • .• • • l J ' : J' • ' 

. ular. one, is . 
I , -, t, •- · .~ ~• -

'!:_, • .._. b..r = T 1 
-.T = vto/( v +c) ~ tof3 .. 

• ' - - - • ' . ' ! ~ : 
(3) 

'• with' the exactness to within quadratic terms ,....., (3 2 = ( v / c)2 :>tipulated 

by the Lorentz contraction of lenghses. Unlike the-well known Michelson­

Morley. and other:m·easurements,. where the,developments of light in: two 

opposite directions compensate any linear terms, in the considered exper­

iment with a single-directed light development these terms are conserved 
and can be investigated. 
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Figure 1: Scheme of the interfereoce experiment. 1 --:- plate~par·ailel slab, 

2 and :3- mirrors, 4 - photodetector. 

The corresponding phase shift of sinusoidal light waves 

. cp = 1rvb..r J >.., (4) 

creates the fringe displacement in photodetector 

~f = cp>..j27r. (5) 

Measuring this displacement we may get 

~T ~-cp>..jv = 21rb..fjv (6) 

' 
and the_ti~ne delay 

to~ ~Tj~ = 21rb..fjf32c .. (7) 

The real experiment differs from the considered.one only by· the sub­

stitution of a mirror for a Mach-Zander interferometer with 12!l-multiple 

reflections ofthe light beam betwee1i two plane-parallel silvered plates 

(see Fig. 1) what allows to e!1large essen~ially .the time delay.· The. f~·inge 

displacement is recorded by a photodetector•ai1d the results ar•' accumu-
. ~ ) . : . . . . . 
lated,in. a computer. To lower. a. random •noise. level alJ.details,placing 

on a turnitig plate are pasted after a process of correction to. this plate 

,which, in one's turn, is appended ,to a massive base plate .by means of 

a,}Plall-area c01~tact. · A~,a transfer, velocit~ v ;we_ exploit\~{. the Earth 

velocity(~ :JOOkm/s). '- ... 
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gi?ure 2: Displacement of the interference fringes b£/ ..\ as a f11nction of 

time. 

The arrangement is calibrated by means of the introducing of a plate­

parallel slab with the precisely known thickness and the refra.ction co­

efficient, i. e. producing known time delay, into the free arm~of the 

interferometer (the low arm in Fig. 1). In Fig. 2 where the 'results of 

'our measurement are plotted, one can see such a calibration peak cor­

responding to the interference fringe displacement 1:1£/..\ = 0.02 (in the 

case'..\·= 63A). 

: In Fig. 2 the 360°-turning of the arrangement corresponds to the 

tiniei interval : !:1t = i [90s, I 90s ]:inside which Uj>..' = · 0 1± 0.006, i. e. 

to-= (0 ± 3.6)10-17
8 1 , The observed -oscillations of 1:1£/ X are ·~rrors due 

to·sniall deformatii:ms•of the turning plate. The corresponding error !:1t0 

is much smaller than the duration of light refraction from.metal mirror 

to ,...., 'I0:-14s ·measured in direct experiments (1), and this fact allows 

I We took into account that t'o in (7) m~st be devided by the riumber of refractions 
inside the interferometr n = 125. , 
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to claim that the Lorentz's hypothesis_ about existen~~ 'bf ~a prefe~red' 
reference frame and the dep'~~dence of li,ght velocity on the frame speed 

v is wrong. 

1 Delayed synchronization of clocks 
' .'' : . ' ' ' ~ -. ' - '' :- . . ; '' ',, . : ! ' ·, :'' ' ,-

The Einsteil1ean synchronization m~tho'd assumes 'that if at the ·time 

instant t 1 any observer sends a light signal towards some event and the 

signal after a reflection at the position of the event comes back to the 

same observer at the instai1t of time t 2 then the clock located at the event 

at the moment of the refraction should show up the time instant t which 

satisfies the following synchronizatiop condition 

c(t-:- tt) ,;,· c(t2- t) 
·., 

(8) ' 

where c is the vac~um light' velocity. Such an assumption is quite• clear 

in the domain of macroscopic physics but needs an additional discussion 
' . ' 

on the microscopic level. 

To simulate the·exCitation and the subsequent deexcitation of atomic 

processes close to the mirror surface. we modify the Einsteinean synchro-

nization condition into the form· ~ '. 

•.'i 

c(t- t1 ) =,ct(t2 -J- .·~) (9) 
' ' 

where r is tl~e del~y ti~~ whi<Oh, is 'th:~' ~lc~o;c6bic parainet~~, due to 

quantum phenomena in the mirror 2 • From this conditio~ ¥;e ge-t' th~ 
-' 

2lt should be noted that 'the l:UStomary' relativistic-~Jergycffiomentnm relation 

considered usually as the most evident test pf applicability of the Einsteinean theory 
of relativity to microscopic process~s is not ch~nged for the 'considered more general 

synchronization procedure. The modification introduced by the condition (9) is some 
' ' {' :' .·. ' ,'.J .:, ,· .. ,,_ )·:·•,_, :; ", ,.(: ':<; !3~t:': --.·.~:,_:·."1' . ·};.:; :- ~ .. ;,';~_n t 

kind of additional translations whose do not influence the definition of tour-vectors 
. . " ' ' . . ' ·' " ' t . - --~ > • ; • ; • ; l ~ : ' ' . ' . ; '-.. ~. ' ' . . J t -\ • ~ • ,r , 

because in this definition only the' homogeneous part of space-time trarBformations 

is involved. The energy-momentumfour vector Pp has therefore exactly the same 
properties as in theories '~ith th~ ~~~to"mar~ Einstein tim~ synchroi{i~itti<;ri . 
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synchronized time 

t=(t2+tr-r)/2 (10) 

and the distance to the event 

x = c(t2- ft- r)/2. ( 11) 

Another observer operating ~itk ti~es t~ ~nd t~ to syncli~ouize clocks 

and to compute distances ascribes to the same event co-ordinc,tes 
··' 

· t' = (t~ +t~ - r')/2 (12) 

and· 

x' = c(t~- t~ - r')/2 (1:3) 

where the same invariant light velocity c is prese_nt and other delay time 

r: is used since this quantity does not to be the same for all observers. 

The relations between times used by different observers an~ given by 

Lorentz. transformations 

t~ = A.tr, 
·, ·.:.:r 

t 2 =X t 2 (14) 

where).. is a.dimensionless parameter determined by therelation between 

the observers in question. The transformation rules (14) are the same as 

in the usual Einsteinean synchronization because they are .chancteristics 

of the light frequencies and are therefore independent on the i'1teraction 

-'of light with the matter of the mirrors. · 

. • :f.he, relations (14) can be re~ritten in terms of. the spac<~-time co-
<..:, •. .,_r;> t ,__ , 

ordinates as 
l. ~ 

x' = [(>.2 + 1)x ..,._ c(A.~- 1)t +A.r'- r] /2X (15) 

t'= [(A.2 +J)t ~·(,\2,- l)(x/c) + Xr'.- r] /2A.. (16) 

These formulae'co1ricide with the standard Lorentz transformations if the 

delay .ti111e tra~-s~~~ms als~acc~~cli~g to the Lore~tz rule as, th·~ times !;: 
. . c" . - . . -' ~ . . . ' . ·-

7-':;,; ~=:-i:r ==j(l. ~ {3)/(l + rJt112
T== :r(1- vfc)r = I(T- x/c), (17) 

, - i •. ,- • > , • • '.·,, • • • ~ • • '1! · , r , , • ~ c '· 
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when' 1 = (1- v2/c2
)-

112
, X = vr, v isthe velocity of tl:e movii1g 

observer. 

So, we see that the delayed synchronization of clocks doesn't disturb 

the known form of the Lorentz transformations. 

2 Concluding rerruirks 

The obtainPd above results convince in the impossibility. to. link. any 

singled-out reference frame with vacuum. In its ur~iformity tllP:·e is noth­

ing, neither kirH'matic nor dynamic, peculiarities which can be used as an 

"anchor" for such a frame'. Nevertheless, the concept of va~uum cannot 

be completely waived, as it was' prOJJOs~d by Eiri'st~in. The both• ex­

periment and quantum theory lH"ove that it' is a specific mate·ial media 

tl~ongh all attempts to decrih<: it in· iriodei;n iiotions ~nco{mt•'r a great 

immber of contradictions .. Construction of ail edequatP'theof·y of vacuum 

is now the main )Ji:obleln of physics: 

We should like to stress also thataltbought'thc Eirsteir1eau synchro­

nization of time doesn't contradict any known experiinental data, ,it is. 

a macroscopic procedure. At sri1all space-tirire:int<;rvals ~x and ~~ the 

concept of, vacuum is.iricomiH"ehensibf~. It is not clear also~ in what a 

s~n~e one can spealCabotit· ·lenghses inside elementary particles w,here 

tl?e modern interpretation of form-factors describing the particle internal 

stnlcture encounters difficulties and the:usua! imci.ge of air extEnded par­

ticle all spatial points of which have: the san1e tit1re i beron?es relati~istic 
non-invariant (2)., 
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