


In- the Newton s mechanlcs the absolute t1me 1nterva1 (ab—-
. solute dlstance) is ascr1bed to the two events (points). evenf
if norapparatuses ‘exist one could measure -them with. Even .
‘more,’ different space’ coordinates (e.g., dlfferent ‘axes) may.‘-
correspond to the absolute. distance. But the absolute—tlme o,
interval itself ‘is the only time coordlnate.vq
.In the Specxal Theory - of. Relativity (STR) a’ varlety of

time: lntervals related to dlfferent,systems of reference

(s.r.) - correSpond to the two events. But as it was before

and is in"STR now ‘the time 1nterva1 ‘itself in the given's.r.
’ 1s the only time coordlnate. 'In recent time much attention
is given to the d1;cuss1on of the statement: even in one and .
the :same s.r. one may- choose a variety of- time coordlnates
under different conventions of slmultaneltyfl/ From my point:
of view’® this activity shows that the STR concepts. (time,
51mu1tane1ty, distance) and statements (isotropy of light ve-
locity,: relatlve clock retardat1on and rod contractlon) 1mp1y,-'
‘nontrivial conventlons.xIn this connection the pioneer e
works'af by. P01ncare, Re1chenbach Robb became newly actual

: 1. But though one may use any agreed coordlnate, they: all
'should be expressed through inconventional quantities measured
in the experlment. W1th1n the operational approach to kinema-
t1cs (OAK)AV the read1ngs of clock set are taken as these
quant1t1es.‘1n this paper let us .compare the concepts and

" statements of STR and OAK in. connection with some experiments,
The ‘definitions and- concepts-of OAK are introduced accordlng
to the operational’ principle,.i.e., considering the. exper1men—
tal procedure with which' the correSpondlng values can be mea- .
‘sured. :

‘The “absolute" time 1nterva1 (O) is deflned as the d1f—
ference of the clock readxngs between the events 1 .and 2
taking place at clock 'site only: (p01nt 0). The time 1nterva1
refers to a glven clock but not to-a system of reference.' o

< 1E; events a2 and b occur at: d1fferent 51tes, then the ex—.
perimental connection between them and a given clock can be .
estab11shed only w1th the help of 31gnals (e.g., 'electromag—
netic - )'~51gnals) ‘This connection is characterized by two‘”kw
events of y- signal departures from the cIock of point 0.to=."
wards the p01nts of events .2 and b and two events. of y-51gna1
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. of ev.2 (1n p01nt A
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arrivals at clock site being reflected from p01nts in, wh1ch

{

|
“events a and b occur. Let us introduce the denotions:.r “0) R IR

f

is the time interval by the clock at O between the departures

and " ab(0) ~ between the arrivals of .y ~signals at 0. We

shall also use these denotions and in the case, if only one !
event occured at a clock point.. In OAK only a. var1ety of

standard clocks: and y -signals are used. as the measuring ap-". a;?;
paratuses And with':the help of r7,rt. all the k1nemat1cal ex—. » A

periments- were descr1bed /. In STR on acceptlng ‘the conven-— .
tion of constant:one-way 11ght velocity it is also possible. . S
to express the length standard through the:time: standard f

; 2. We con51der the relat1ve motion of two p01nts A and 0,
if the p01n ‘A’ moves through (event 1) and away from point. 0,
and some ‘ev.2 occurs in po1nt ‘A mnear. to, ev.l. There by the’
clocks at 0 only dqzﬂn , drlzﬂn may be measured. Let us -
call d212(0) Uhl —dr )/ 2 ~ the locatlon coordlnate ‘
% w1th respect ‘to’ p01nt 0 and' V,(0) =
~(d112-d7 )/Xdr +d7 )~ the velocffy of point A w1th res-
~pect to point 0. %e quant1ty V (0) ~character17es not’ only the
‘ motlon -of the obJect with respect to p. 0, but: also that of"
iy s1gna1 Important that the trajectory is ‘went’ by the ob—'
ject as. well as by.y -51gna1 Therefore the so-called "one~
" way veloc1ty (the one-way traJectory is.went elther by thed'
obJect or by 'y -signal) cannot be measured “The value VA(O)
is numer1ca11y equal to ‘the value v/c :++in. STR. ‘But in:OAK
‘thevelocity 'is .not 1nterpreted as a dlstance went:in -a: time.
<-unit.;As a: consequence of the above g1ven def1n1t10ns we ob—
ta1n the: follow1ng identitiess:: :

it

d€(0)~ ety _........_d’~++d"'.ﬁa )
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- “3.. In AOK p01nts A and B let us define to be at rest w1th

. _respect to each other, if the' intervals between the departures

- of two y-signals from one point (712(A) or 74,(B) ) is equal

S to that between the arr1vals of these 51gnals to the other A
»‘p01nt ¢ 7 (B) or 7 (A) ), i. e.," ‘for the points at rest one’

may’ speak about the absence of the Doppler effect. As a re-

sult, for such p01nts the location coordlnates of different

events in one point relative to the other do not change with

time. In OAK we use the term "distance" 'only for this location
coord1nate between the points at. rest So, the d1stance corres—

ponds - to a pair of points at rest.- ‘This fact allows one to

operate with ‘the three-dimensional space of points at rest.': R
The difference between the concept of the distance and that

of the location coordinate is under discussion in item 8.

-

2

'strong acceleratlon destroys the clocks)

If in the system of polnts at rest the times of Y -51gna1

_f11ght along any ‘closed- traJectory 1n both d1rect10ns are”
:equal, then:the" p01nts of ‘this 'system used for measurements o
-(and clocks placed in:them) will be called: the s.r. Let: me ,Q J

note that for the- p01nts rotatlng un1form1y along” the c1r—

" cumstance the above -is not true:and thus. though belng at restr
- relative. to each:other they cannot. be used as a system.of re=' -

ference (see i.5). Here we do ‘not speak about “the” 1nert1a1

“8.T+y-since in:0AK dlfferently from STR the s.r. is deflned
“in the: beg1nn1ng of the kinematics: construct1on ‘with:the kl-f
_‘nemat1ca1 ‘methods’ only. Whilein.  STR the s.r. is pract1ca11y

defined in the following way: on1y such system is 1nert1al

V fwhere ‘the STR laws hold.

2 4. After the def1n1t10ns are 1ntroduced the follow1ng is
postulated" & L

l) The‘motlon of the source of Y —s1gna1 does not affect -
the propagatlon of the y—s1gna1 Therefore,'lt is convenlent

‘_for the measurements to use y as a s1gna1

2) The two clocks arb1trary moving. away from ‘some’ poxnt

7have, 'equal rights" in the observatlon of the. Doppler effect
(on’y -51gna1 exchange) in a short enough time after colnc1-'
. dence. In other words this’ requlrement means that V «D-, (Ao

We 1n31st on satlsfylng the "equal r1ghts requlrement e1ther
clocks move un1formly or w1th acceleratlon relat1ve to.other

., points. The latter allows to describe the behav1our ‘of acce-~ .
“"'lerated clocks (dlfferently from STR). In general the ' equal.

r1ghts" requlrement might not hold for a certain clock in. ac1,
celerated motion with respect to s.T. (after all,_a very L

:5. As-a consequence of the Yequal r1ghts postulate we get’
the relationship between the readings of two clocks A and 0
mov1ng through some . p01nt. : L

12(A) drmw)\/—-——- 12(O)V’--‘L"-. df,5(0)= -

dry, LB @
-V o

7 Important that equations equal in rights" 'with’ (2) may be

also‘written, but only for the events belonglng to another o
s1gna1 exchange dr, ,(0)= dr (Anl—v] f1+v]™ %" and.so on.

3
.Knowing the trajectory of point A in any 's.r.:and 1ts velocity

VA 'with respect to the points of trajectory one ‘may fully
characterlze the motion of ‘point A. But the motion of p.hA

may- be measured -by' the ‘lonely - clock belonging ‘to ' some trajec-— -
tory.point 0. For this purpose one should measure the functio-
nalirelationship between r+(0)‘, 7=(0) for y-signals sent .
to p.A and those came back to p. 0  along-the traJectory of



'1-nals from point: A,

'vi:dences of clocks’

“p. A In thlS case’ equatlons (l) and (2) hold (then the events
.1 ‘and 2 correspond to- the reflectlons of. ne1ghb0ur1ng ;z—slg—l'

4 “In” thlS case,: generally speaklng, the remoted clocks Iland
0 “do; not keep the equallty of-rights, because the+ traJectory,

is given in s.r., of p. 0, but- not of p.A, Only,: if p. A moves I
- uniformly and rect111near1y in the s.r, .of p- 0-and belongs s '1}'?2

*to-another -s.r., there may exist an:"equal.rights" exchange

f"of y —signals between'the points A and 072/,

’ ‘Using (1) and (2) for the closed traJectory of clock A .we
Aobta1n.'ﬁ o ~ : : 2 . }

0= r [1 v] dr(A) _'r(0)> .—’(A) R N )
Here. the readlngs of clocks are taken between ‘the two c01nc1—’
“A and 0. Only such comparison of clock
read1ngs(e g.,meson decay in-the storing r1ng) is 1nterpre— R
;'fted in OAK as the clock retardatlon. There is'no need in, sig- .
“‘nals ‘for such ‘a comparlson, but one ‘needs” them to get eq. (3). poce
From here it follows that all” the signals satlsfylng the pos—-
iftulated in. 1tem 4 must have V_1 Alternatlvely, operatlng in
'mind with dlfferent 51gnals we: would get dlfferent VA, that
is dlfferent clock retardatlon.'_4
(It is also easy to describe: ‘the: Sagnac s type experlments.

1h"Let the clock A’ move from, p01nt 0 (ev 1) along a part of closed

‘VtraJectory.vIn opp051te dlrectlons but also along this" traJec—~5t.57

- tory ‘the y;5 and yqg- s1ng51gnals are ‘sent “from point 0 (ev.1).

Events 3 and-4 are their ‘arrivals at the’ p01nt of clock A,
‘respectlvely. Then on. the basis of eqs. (l) ‘and (2) we have

1-

. 137 ~1—-,V : T 14'»‘. - !
s @~ ! v——,drf(ﬂ)- W ®= 1 v.w IsC
’islnce the t1me of y—fllght along the traJectory is 1ndependent'
.-of ‘the direction of. flight and 1s equal .to: the length of - the
7 tra_]ectory (see. i.3), then ¢ .- (0)_ 773 (0) . - Having the
'above states in mind we get for V oonstthe s1mple equatlon

(A =7 (A) 22———-—-. :
As is seen from eq. (4). the. Sagnac’s experlment does not allow
one to -measure V, of point A without using some s. r.. Strictly

Speaklng, its non zero result for the Earth shows only that:
y —traJectory is not.. ..bound w1th the points of s.r. (see

1.3),.

»»;’74

k 6 A,system of reference allows one to descr1be the gene— jf’

) ral case of.y —51gnal exchange between remoted clocks, “if one .-
.knows the motlon of the source. (VA(O»

“Tand’ of the detector

(VB(O» 1n some s r. noted w1th p01nt 0 _",u
T127 ) . =784 5 R
f[l—V (0)1 df(A)+ r24(0)— f [l-V (0)1 dT(B)+f (0)

where events 1 and 2 are the 'y13, y24 51gna1 departures
‘from p A and’ events 3 and 4 ‘are those signals arrivals at
p01nt B respect1vely, rap is the distance between the p01nts
of s, r. in wh1ch events 3, and b take place. Here the traJec—'
torles of p01nts and y—51gnals together compose the closed:
traJectory as in the equatlon given earlier. That, generally
speak1ng, tr1v1al fact explalns why the concept of: time in
OAK (see i.l) allows to describe _the k1nemat1cal experlments.
) Important is that all the above results do not requ1re the
knowledge of the geometry of space of p01nts at rest.,If one;
assumes. the Euclide geometry, then. the distances in (5) are. .
more convenlently expressed through angles.;Then the rela- f»
tlonshlp for the. Doppler; effect is obtalned from (5) when r12

and r,, tend to zero:, ; T E At
. r(A) 1~ VA(O)fi’_Sf(O) (‘B) 1- _Y_'f)_fisﬁ (0) L ,‘:&6)
Vl V (0) §ons Vl VB(O) : S e

Here angles al and B taken from traJectorles of 51gnals to,fia
those of p. A and p. B respectlvely, values. of Vj,a are taken
between the events of :y=signal departures and - Vg, ﬁ}— between
.-51gna1 arrlvals. If .a. set of clocks-moves unlformly along
c1rcumstances w1th the mutual centre (RA,RB)then';;f,,

— : _._..—__ e

dr(A)[l-—LQ ]\/ I—V —dr (B)[l E-—B-]\/ l—V Sk ; (7)

where f is. the dlstance from the centre to traJectorles ofy -
signals. If V,=Vy and RA-RB. then p01nts.A and B 'are at rest,
but a set of such points cannot serve as a s.r. (see_1:3 and’

eq.. (4)).

7. The interpretation ‘of many experiments becomes..simplier,

"if the observation of the Doppler effect: (eq.” (6) at ' V,(0)=0 )

is"considered as the measurement of veloclty (V (0» of-point
B. with 'respect to.a dlstlnct point-0 belonglng to.the s.r.
The: vector Vg is determlned w1th the -help of- three .such mea-
surements with respect to: some: three points of ‘s.r. But this



sslble after lnvestlgatlng w1th the help of a set.

. “of ‘the world wheré p. B and "y-signals are’ moving.
In-the’ alternatlve ‘case (e:g.,ln cosmologyf equatlon (6) may!
‘be used only as - a. hypothes1s.‘ I
" “Thus. the" klnematlcal experlment must be started w1th the‘
,experrmental proof of 'the: existence of s.r. But in’ practlce
‘a-rigid - body is used das:a s.r. But. one should show in the ex-

ﬂh~per1ment whether this’ assumption is possible. Besxdes, r1g1d
’T;bodles are used as a constructlon mater1al for’ apparatuses..

-~ As a: consequence real experlments examine both the: k1nemat1-'
’”cal equations and the” assumed properties of the r1g1d body.’

+ "The" OAK- av01ds acceptlng ‘the: k1nemat1cal propert1es of rl—'
“'gld bod1es as “conventions- (e. g., convention about self-con-_
,_gruence of the’ length standard on its- transference) Therefore
.in OAK the klnematlcal properties of the r1g1d body. can: be
iand must’ be tested by means of the Kinematical experiment.:

So, it seems reasonable to ‘aks whether the length of the ri-

" “gid rod depends on its’ pos1t10n in's.r. (e.g.,its or1entat10n,

‘or on its transference in another s.r.). But one cannot pre—

f,ﬁdlct an answer w1th1n the’ klnematlcs.

.For example, ‘the Mlchelson s type experlment establlshes
‘the constant ratio . of the basis ‘distance went by 11ght to

<v71ts wave—length on variation of the basis orientation in space.

. The Sagnac s type experlment (1 5) can be considered as
T;a comparlson of the average rotor velocity ‘measured over the
number. of ‘rotations with the. veloc1ty of-a sem1transparant

. 1m1rror along a short sectlon of ‘the circumstance calculated
by using. the -y 51gnal exchange described by eq. (4) (in. the
:real Sagnac experlment the latter veloc1ty is also averaged).

" 'Similarly, on the observation of ‘the ‘Moessbauer effect the
rotor experlment establishes the equa11ty of the average and’
‘instantaneous velocity of the rotor.. In ref.’?’ it was proved

- that this is true both for the' instantaneous velocity-directed
“in the orbital mot1on of the Earth and for the case of its

T‘opp051te direction. This is in agreement both with Kinematics

;”,predlctlons and with assumed rotor propert1es. It is not cus-

. tomary to 'us-that the space propertles of ‘the body would be-
. anisotropic (e.g.,within the Mach pr1nc1p1e) but then the ave-

* rage velocity’ could not be equal to instantaneous one. We see

that the propertles of the rigid body affect the real kipema-

'f\tlcal experiments.” But in principle- predrctlons of OAK can be

' prooved ‘separately from the dynamlcs.

8. In the above relationships one compared the time inter-
,vals of any two clocks (the events ‘occur at clock s1te) But

at Test belonglng to "some -sir. of the- geometry ofv_“‘

'?the events 1 and 2 remoted from clocks,;
‘with the help of lonely clocks belonglng to any s r.‘and

-vector) correspondlng to events!f and1
T 8eTa, i. e., they. are: 1ndependent of ‘the cholce of - the measur—”
_1ng cIock belonging to this s.r. Therefore a pa1r “of events" -
‘is characterlzed by the - four coordlnates of any coordlnate Jvfy '

'1r1ant (rz(H44 eMi/2

" rod-and’ characterized only the’ rod 1rrespect1ve to any s.r.”

_time coordinates’ T(n)

may’ be coord1natedﬂ

.—51gnaISM/ In'ref’Q/ Cit is shown that ‘w quan- =
tities ry, - and T(p)=7 -r12+ (rt )/2 : kR any unit, -
“are 1nvar1ants in the

:system in a given s.r. These four 1ndependent coordlnates are
expressed- through ‘the three pa1rs of .1t , rf type quantltles T

" connected by two equations and measured with three clocks not

lying-in one and the same strarght llne.'f' , SRS s
The STR uses proJectlons of 1 g on orthogonal space axesij
as space coordrnates ‘and a part1cu1ar case of the’ second. inva-,
~‘as the time coordinate.:And the con-
cepts of time and time coord1nate be1ng not’ d1st1ngu1shed But . -
quant1t1es, for example, T(y) may with equal success be used

“as ‘the time coordlnate’g/ This is one more reason for dlstln—'

guishing the time interval from time coord1nate 1n OAK. In

‘STR the d1ffereuce ‘between the location’ coordlnates for. a: palr =
. of events: tak1ng place at the. ends of the’ rod 1s called the :
‘ length of the rod in any s. T, 1f for these events T(n O) 0 ‘
‘But as a consequence of the 51mu1tane1ty convent1on sueh con-

cept of the rod length is not introduced in AOK.' Here' thetf»'wfm
length is the distance between the end p01nts at’ rest of the.!

The' OAK di'stinguishes the time and t1me coordlnate, the dls- i;‘

.tance ‘and location coordinate in’ order to exclude the’ conven- =

tional statements of STR Therefore,‘the OAK has no need in
concepts: of relativity of time and distance. Of course’ the )
signal coordinates r*,r~ ' are relative in that ‘trivial" senseﬁ'
that they are’ measured by clocks belonglng to s.r. But the
are relative both w1th respect to. -
the s.r. and to the conventlon of choice of the type of the
time coordlnate (e. 2., .4 Ch01Ce of 3.).

- Let us note one more dlfference between the STR and OAK
The STR 1s actually base on Lorentz transformatlons (the STR

postulates are only the scaffoldings for them). AIl the expe-'

rimental predictions of the STR must be the consequences of

" them.’ Therefore, clock readings can be compared ‘only. for the

clocks belonging to different s.r. This is why one cannot
make an attempt to ‘describe the. behav1our of accelerated elocksl

“within STR. For them the principle of re1at1v1ty 1s not true.w
' The consideration of the rotor experiments within’ STR is- simp= -
‘ly the flttlng to the known experlment. And ‘it is’ not ‘clear e

why the result of th1s cons1derat10n 1s in agreement w1th the
experlment. :

a0
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But the OAK allows to understand thlS fact. In pr1nc1ple ;
:ffor OAK it is quite. enough to ‘have one s. r. And ‘the principle
sihofr relat1v1ty, understood”as a requ1rement of - the equallty
L of" rights" for a variety of s. r.,can e1ther exist or not in-
',”fdependently of postulates and consequences of OAK. And the

o Lorentz transformatlons are obtained for the particular case e

‘of the measurement of s1gnal coord1nates (r+;7=) with the o

' help" ‘of two clocks belonglng to the two really ex1st1ng S.T.

* (One" should remember that the real s.r. is llmlted in ‘time=

o space) But here ‘the s.r. themSelves can differ very much,

“ One’ of. them allows the measurement of the geometry in the
part of the world we make the experlment. The other may. be

"represented by just three clocks mov1ng un1form1y and recti-
11nearly ‘with respect to the f1rst s r. (the clock belng not
on one and the same straight 11ne) For a particular ch01cev
of a pair of events (e.g., events taklng place at the site of
the clock mov1ng rect111nearly,and unlformly) it appears enough
to take ‘a_lonely ‘clock 1n.other s.r. .

" "Some correspondlngs are’ seen between’ the pr1nc1ple of re-

lativity and postulate of "equal rights" of clocks (i.4). The

© principle of relativity may "be 1nterpreted w1th the existence
of several laboratorles so screened" from the surrounding
universe that the latter "does not affect! the ‘experiments
inside the laboratories. Actually the "equal rights" of clocks
is & partlcular ‘case of’ the: pr1nc1ple of relat1v1ty in a rest-

ricted range (locallty) of .time-space, But the pr1nc1p1e of "
relat1v1ty is not a very good postulate, since it sets requi-
‘rements on any experlment ‘it is more useful as a powerful
method for the initial bu11d1ng up of the theory. The "equall—
ty of rlghts postulate seems more convenlent for descr1b1ng
the kinematics on axiomatic bas1s, since there-are postulated
“the requirements for the elementary k1nemat1ca1 experiment,
and these requirements are local. ‘

- Thus describing all the known k1nemat1cal experlments, the
OAK does not need the concepts of relativity of time- space
(clock readings and length are'"absolute") and the require-

- ment for "equal rlghts" of varlous 8. r.k(prlnc1p1e of relatl—'
v1ty) ’

In conclusion let us note that possibly it'is-not difficult
-to change ‘the "equal rights" postulaté for clocks, by intro-
ducing the prefered s.r. or any prefered direction. Our uni=-
verse is anlsotroplc, therefore one may expect its anisotro-
pic effects on laboratory experiments. Modern achievements in
experlmental accuracy allow to perform such experiments or de-
rlve estimates from’ experlments made on other purposes.
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