Non-Kinematicity of the Dilation-of-time Relation of Einstein
for Time-intervals
Sidney Golden

8614 North 84th Street, Scottsdale, AZ 85258, U.S.A.
Reprint requests to S. G.; E-mail: sgolden@asuedu

Z. Naturforsch55 a, 563-569 (2000); received September 27, 1999

Light-pulses that are reflected recurrently to one another by two kinematically equivalent dy-
namically identical inertial systems moving collinearly and irrotationally with uniform relative
velocity generate sequences of contiguous time-intervals in both. By means of clocks stationed
in the two systems, each time-interval is both measurable locally and calculable non-locally in
accord with basic requirements of special relativity theory. Their ratio yields the velocity depen-
dent dilation-of-time relation of Einstein, but an equivalent spatially dependent version of it is
obtained as well, because the time-intervals involved are actually determined by the distances that
exist between the systems when the reflections occur. As a result, the Einstein relation involves no
time-rates of clocks that are actually affected kinematically by the systems containing them.
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1. Introduction recently which are able to account for cases in which
time dilation had been claimed to occur [16, 17, 18],
There appears to be no serious doubt of the matHbe existence of any such kinematic temporal restric-
matical correctness of Einstein’s theory of special retion can be contested, as it has been. In fact, without
ativity, introduced almost a century ago [1, 2], mangalling upon any new physics and based solely upon
scientists since having elaborated both the theory atite distinction to be made between those time-inter-
the experimental support claimed for it [3, 4]. How-~als which are measurable locally and those which
ever, the physical significance of one particular aspegte only calculable non-locally in accord with ba-
of the theory, that of the time transformation relatiosic requirements of special relativity theory, a new
first suggested by Lorentz [5, 6, 7] and then derivederivation of the Einstein relation is presented here
by Einstein, has long been questioned. According which entails no time-rates whatever that are affected
Einstein, this aspect requires clocks fixed in inertiaherely because their clocks are stationed in uniformly
systems to “run slower” when the systems are movirigjoving inertial systems.
with uniform velocity in otherwise empty force-free  To show this, a model yielding the Einstein relation
space than when stationary [8]. This aspect of thie described in Section 2. The model is an elaboration
theory was criticized strongly by Dingle [9] a little of one known to deal explicitly with possible kine-
more than a half-century later, the critic claiming thamatic influences on moving clocks, [3], p. 245-47. It
it yielded inconsistent results when the roles of twaonsists of light-pulses of extremely short duration
systems regarded as stationary and moving were ifat are recurrently reflected to one another by two
terchanged, and describing the “twin paradox” thatinematically equivalent dynamically identical iner-
it evoked as contradictory. Although the criticisntial systems that move collinearly and irrotationally
was refuted soon afterwards as fallacious, by Bomith uniform velocity relative to each other in other-
[10], the rebuttal was not accepted by Dingle [11jwise empty force-free space. Basic requirements in
To date, neither the criticism nor its refutation havaccord with special relativity theory are given, per-
been withdrawn, and the paradox still continues ttaining to the time-intervals that elapse between suc-
receive attention [12, 13, 14, 15]. Since several altecessive light-pulses which are measurable locally by
natives to special relativity theory have been foundlocks stationed in each of the systems and to their
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counterparts which are calculable non-locally by thany inertial systems that move uniformly in force-free
same clocks. space have unchanging time-rates as time passes.
The ratio of any such pair of corresponding time- In accord with the foregoing, the model to be
intervals, regardless of which system is designat&@nsidered involves the recurrent reflection of light-
as stationary or moving, is shown in Sect. 3 to yiel@ulses to one another by two dynamically identical
the Einstein relation expressible entirely in velocitynertial systems, to be designated in what follows as
dependent terms, and is then shown to be expressibie A-system and the B-system. They are both re-
entirely in spatially dependent terms. stricted to irrotational motion of uniform velocity in
Justification is given in Sect. 4 for regarding théVhich their Cartesian coordinateaxes coincide with
Einstein relation as a general non-kinematic meafdex-axis of a Cartesian coordinate frame that s fixed
for converting non-locally calculable time-intervaldh the intervening otherwise empty force-free space.
in uniformly moving inertial systems to the values' "€ light-pulses are presumed to be of sufficiently
of their locally measurable counterparts there. Its aghort duration and small spatial cross-section so that
plication to both of the two kinematically equiva-the'r receptions and reflections occur essentially in-
lent dynamically identical inertial systems involved inStantaneously at the spatial-coordinate origin of each
its derivation here establishes that the inconsisten8yStém. Stationed in the immediate vicinity of each
which was claimed to occur with special relativityorigin are a clock and equipment for timing the re-
theory does not occur with the present theory. Certafi¢Ptions and the reflections. o
experimental results that are usually regarded as pro-1he clock of the A-system renders time-instants
viding perhaps the most direct support for the timgenoted byt; intersystem distances relative to it are
dilation ascribed to them by special relativity theonyendered in lengths denoted By in terms of which
are re-examined and are found instead to compri€rsystem speeds are expressed aad the speed
support for the absence of any such behavior. A pogt light in the intervening otherwise empty force-free
sible limitation of the present theory with respect tGPace is expressed asThe clock of the B-system

the intrinsic statistical nature of all time-dependerf€nders time-instants denoted byintersystem dis-
quantum processes is noted. tances relative to it are rendered in lengths denoted

y A in terms of which intersystem speeds are also

An Appendix establishes that the time-intervals "ti){pressed as with the speed of light in the inter-

the Einstein relation which has been derived are ntP' therwi o f ¢ 5o bei
restricted to just those which are produced directly b ning otherwise empty force-ree space aiso being

the recurrent light-pulse reflections of the model use prgssed as. Furthermore, non-local_ly caIc_uIabIe
to derive it. time-instants have an appended asterisk which those

that are locally measurable have not, i.e., non-locally
o calculable*, 7* contrast with locally measurabler,
2. Preliminaries respectively. All intersystem distances turn out to be
non-locally calculable entities, i.el,*, A*. In addi-
The following restrictions are adopted throughtion, the time-instants and intersystem distances have
out: subscripts indicating the order of their occurrence in
(i) Any inertial system in uniform motion in force- the sequence of light-pulse receptions and reflections
free space has a space-time frame in terms of whitthat take place in the two systems.
the behavior of all other systems can be described After the two systems have each attained and main-
precisely; (i) Regardless of their intrinsic frequencytained a uniform velocity, the process of interest be-
constitution, light-pulses received and reflected bgins with a light-pulse being sent from the A-system
any system entail negligibly small time-lapses to dorigin to the B-system origin, where it is received and
so; (iii) Light-pulses emitted from a source stationedeflected to return to the A-system origin. The process
in a uniformly moving inertial system in any directionis then repeated many times without delay, each sys-
in otherwise empty force-free space propagate at them recording all the time-instants when light-pulses
same speed; (iv) Time-intervals occurring in any uniare received and reflected. As a result, a light-pulse
formly moving inertial system are locally measurabléeaving the A-system origin dp,,, n @ non-negative
only by means which are stationed in the immediatateger denoting the position of the time-instantin the
vicinity of their occurrence; (v) Clocks stationed insequence, reaches the B-system origik g, where-
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upon itis reflected and reaches the A-system origin ean be expressed alternatively to depend solely on the
ton+2. Described alternately, a light-pulse leaving thentersystem distance ratiok; /A%, or LY /L ;.
B-system origin at»,,+1, reaches the A-system origin

atr; ,,, Whereupon it is reflected and reaches the B The Einstein Relation

system origin at»,,+3. Any pair of time-instants with
the same subscript but without and with an asterisk
denotes values corresponding to locally measura

After some straightforward manipulation eliminat-
the non-locally calculable distances from (1), it

and non-locally calculable values of the same tim Ollows that
instant. tonv2 —ton _ A ton+a — lon+2 ©6)
Upon regarding the A-system as stationary with 1 —o/c 23 "2n+l 1+v/c

the B-system as moving, the separation of the twof hich the time-intervals locallv m rable in th
systems beingl’ at t5, ., it is readily confirmed ©'WhiCh the time-intervals locafly measurable in the

that the time-instants, time-intervals and intersysteﬁ{?t:;)?ary;egar?ed A-Isystliam (rn?séel”Sked) are re-
distances relative to the A-system satisfy ated 1o adjacent non-locally calculable ones occur-
ring in the moving-regarded B-system (asterisked). It

further follows from (3), after some more straight-
(1 forward manipulation eliminating the calculable dis-

tona = taner = (Lo *+ L)/ ¢ = (Lpag = L) /v, tances, that

ton+2 +ton = 25,41, tons2 — tan = 2L}, /¢,

from which straightforward manipulation yields Ton+3 = Tont1 _ = T2n+5 — Ton+3

1 U/C 2.-n+4 2.-n+2 1 'U/C ( )
:L/ % _ U/C

R vy (2) of which the time-intervals locally measurable in the

stationary-regarded B-system (unasterisked) are re-

A@ted to adjacent non-locally calculable ones occur-
'Eg in the moving-regarded A-system (asterisked).
S a result, we obtain

Upon regarding the B-system as stationary with the
system as moving, the separation of the two syste
beingA’ ., at7;, .., itis readily confirmed that time-

instants, time-intervals and intersystem distances rel- 4« ¢ 7 pr 1
ative to the B-system satisfy = = = == 5 (8)
Ton+3 = Ton+l  ton+d —tons2 1 —(v/c)
T2n43 ¥ Tont1 = 273,42, T2n+3 — T2ns1 = 245,441 /¢, Each ratio of this equation is that of a non-locally
. . s i s . calculable time-interval occurring in the appropriate
Tonwz = Ton = Ay Ap) e = (g — 4) /v, system divided by its locally measurable counterpart

actually occurring there. On decreasingyy unity in

from which some further straightforward manlpula(7), combining the result with (6) and comparing with

tion yields (8). we obtain
. : 1-— * * * *
AL A= TU//C (4) Ton+2 — Ton _ Ton+4 — TZn+27 9)
vre ton+2 —lon  ton+a — lon+2

As a consequence of the fact that any locally meap that all locally measurable time-intervals occur-
sured time-instant can be regarded as the initial ofg in the A-system have the same ratio with their
of the subsequent sequence, the two systems are c@pn-locally calculable counterparts, thereby indicat-
pletely interchangeable thereafter and are kinemajig that any locally measurable time-interval in the
cally equivalent. A-system has a unique non-locally calculable coun-
By (2) and (4) the intersystem distances satisfy terpart there, and vice versa. Similarly, but now in-
creasingr by unity in (6), combining the result with
A [ A1 = Ly [ Lsa (5)  (7) and comparing the result with (8), we obtain

for all non-negative integers andn. As aresult, any ton+3 = Uone1 _ Lones — tonss

quantities that depend solely on the velocity ratio v/c Tont3 — Tontl  Ton+5 — Ton+3.

(10)
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so that all locally measurable time-intervals occur- In special relativity theory, non-locally calculable
ring in the B-system have the same ratio with theitime-intervals in uniformly moving inertial systems
non-locally calculable counterparts, thereby indicatnd their locally measurable counterparts occurring
ing that any locally measurable time-interval in thehere are assumed to be identical. This assumed iden-
B-system has a unique non-locally calculable couniication appears to have arisen because of an in-
terpart there, and vice versa. As a result, it furtheéerpretation made by Einstein himself ([1] p. 904; [2]

follows that p. 49), with the result that a “peculiar consequence” of
. . . . the Einstein relation was that clocks stationed in uni-
Ton+2 7 Ton  Tom+3 ~ Tom+l 1 . (11) formly moving inertial systems should have slower
tontz = ton  tomss —tomsr 1= (v/c)? time-rates than they would have when stationed in

non-moving inertial systems. In special relativity the-

Itis to be noted that each time-interval ratio in (119> @S a@result, the Einstein relation is regarded to be
refers to a different system. Because of the evidefitgeneral kinematic restriction whereby the intrinsic
symmetry of the model, and the resulting kinemati[l'bme'rateS of ‘r?‘" uniformly moving clocks are slower
equivalence of the two systems which allows them t an their stationary counterparts.
be interchanged, the two ratios must have the sameln the present theory, by contrast, non-locally cal-

value. Then, designating typical locally measurabl%mable time-intervals in uniformly moving inertial

time-intervals byA? or A7, depending on the Systemsystems and their locally measurable counterparts oc-

involved, and their comparable non-locally calculabl&YMN9 th_ere are reql_ured to_dlff_er. '_I'ogether, they im-
counterparts byAt* or Ar*, we finally obtain from ply the I_Elnstem relation, which is S'”?p'y ameans of
converting all non-locally calculable time-intervals to

for all non-negative integens andm.

(11) that , ;
the precise values of their locally measurable coun-
AT At* 1 terparts, without the motion of the systems affecting
AN A = (/o2 W/ (12)  the intrinsic time-rates of any clocks stationed within

them.

the celebrated velocity dependent dilation-of-time re- Although a distinction between non-locally cal-
lation of Einstein, which we have sought. It furtheculable time-intervals and their locally measurable

follows after some straightforward manipulation ofounterparts has been noted in the literature ([19], [3]
(2) that p. 224), it appears not to have been taken into account

adequately. For example, a traditional derivation of
‘ , the dilation-of-time relation involves the emission and

—=—0= + L5 /L%)? 5/LY). ; o X .
\/(1 L3/ L3) / AL/ La). (13) reflection of light in a non-symmetrical path that is

A~ Br
the version of the relation that is solely spatially del_ocally perpendicular to the motion of a uniformly

pendent, which we also have sought. Emphasizing ?gcf[\é'gr? :g:&ﬁégnt?;;?'tr;%r c:trgt;;}n;tlg nc[aflgﬂligd IL
intrinsic non-kinematic nature, itis to be noted that th(? P Y

same relation holds without change for both system .statlonary observgr s the Same as that determined
y an observer moving together with the source-and-

mirror combination. Dilation-of-time is then regarded
to actually occur in the moving system, which cannot
While it might be argued that the spatially depenbe the case according to the present theory. It is ev-
dent relation (13) relies implicitly on the relative mo-ident that the essential difference in the two theories
tion of the two systems when they engage in receivirlges neither in the physics nor in the mathematics in-
and reflecting light-pulses, it could also be argued thablved in them but rather in their viewpoints concern-
the velocity dependent relation (12) relies implicitlying time-intervals that are determined by means of
on the actual spatial separations of the systems whean-local calculations and their relation to the physics
they receive and reflect them. The essential result imfvolved. Which viewpoint is appropriate to charac-
the foregoing analysis is that the relation can be eith&grize the physics can be determined only from the
velocity dependent or spatially dependent without imphysics itself.
plying any actual dilation-of-time occurring in clocks Inthisregard, itis to be emphasized that the present
that may be stationed in the systems. theory avoids both the earlier criticism which was

4. Discussion
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made of time dilation assumed by special relativityation) and depict three separate time-intervals dur-
theory [9] and the rebuttal of it which was givening which the time-differences between each of four
later [10]. In view of the symmetry of the model thatcesium atomic clocks stationed in an airplane and a
has been employed here and the restrictions that haeéerence one stationed on the earth’s surface were
been adopted in determining its consequences, theeasured directly and accumulated. During the two
Einstein relation is equally applicable without anyintervening time-lapses, when the clocks were air-
madification to the two kinematically equivalent sysborne on trips circumnavigating the earth, one east-
tems involved in it. When they are in relative motionward and one westward, they were not so dealt with.
any non-locally calculable time-interval in either sysFrom the recognition that the relative time-rates of the
tem that may be regarded as moving must exceatbmic clocks could differ from each other to an extent
its locally measurable counterpart there. This caustigat depended on the pair of clocks involved, the av-
no difficulty at all for the present theory, since it iserage of the individual accumulated time-differences
not only entirely consistent for non-locally calculablaecorded in each time-lapse was determined and also
time-intervals in each system to be larger than thedlisplayed graphically. Considerations of special rel-
locally measurable counterparts there, but they mustivity would then require that average to be disjoint
be so. In special relativity theory, however, the localljrom one time-lapse to another, and such was inferred
measurable time-intervals in the moving system atgy the experimenters.
to be identified with values obtainable in the other However,inorderto obtain anindependentanalysis
system, which is to be regarded as stationary. Sinoéthe data, the time-difference graphs were enlarged
either system can be so regarded according to sygby the present writer) to enable a reasonably precise
cial relativity theory, the clock in each system wouldletermination to be made of their actual values and in-
then be required to run slower than the clock in thdividual accumulated time-differences were then ob-
other, an inconsistency that had been noted and cti&ined at ten equally elapsed time-instants. It then
icized [13]. As already indicated, this inconsistencyurned out that they could be fitted by a least-squares
does not arise with the present theory and, with therocedure so that, within estimated uncertainties of
ensuing absence of time dilation following from it,the data analyzed, they yielded a linear combination
neither can the twin-paradox arrise. constituting a weighted average of some sort which
Furthermore, although results are known that hay@oved to be essentially constant throughoutthe entire
been considered to provide perhaps the most diraziurse of time involved in the experiment. It would
experimental support for the time dilation which hashus appear, contrary to the conclusion reached by the
been presumed by special relativity theory ([22], [23]priginal experimenters, that no significant deviations
[3]p. 259, [4] pp. 180-83), such a conclusion turns odtad actually occurred in the composite behavior of the
to be entirely unjustified according to the present thefocks when they were airborne from that which pre-
ory. Thus, for any non-locally calculable time-intervalvailed when they were stationary. This result is what
and its locally measurable counterpart to equal eagfas to be expected from the present theory (see in
other, their ratio evidently would have to equal unitythis connection a similar conclusion reached in [12]).
Inthe velocity dependent Einstein relation, this wouldt would therefore seem to be worthwhile to under-
be so if and only if the relative velocity of the two in-take another experiment along similar lines to test this
ertial systems was to vanish. Similarly, in the spatiallgonclusion, but one in which the clocks are chosen be-
dependent version, this would be so if and only if théorehand to have essentially uniform time-rates indi-
successive separations between the two inertial sysdually, or together, and in which all time-differences
tems when reflections took place were to be the san®e to be accumulated when they are airborne as well
and remain so with the passage of time. Because nas when they are grounded.
ther of these requirements is fulfilled generally, the A possibly important limitation of the conclusions
equality of non-locally calculable time-intervals andeached here involves the assumption of negligibly
their locally measurable counterparts cannot be gesmall time-lapses for light-pulses to be received and
erally attained, and neither can time dilation. reflected. This seems difficult to justify rigorously if
In support of this, the data pertaining to the forethe reception and reflection of light-pulses were to be
going experiments were presented only graphicalhggarded in quantum-mechanical terms. As pointed
([16], p. 348 gives a criticism of the graphical presensut by Dirac for the resonance scattering of particles
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involving their absorption and subsequent re-emisf ways such that virtually any non-locally calculable
sion [24], such processes involving light comprisetime-interval can be obtained together with its locally
of photons would also seem to require some nomreasurable counterpart. As a result, the present the-
zero time-lapses to occur. These could be particulardyy is not restricted to just the time-intervals directly
important when the reflection processes occur bproduced by the recurrent light-pulse reflections.
tween nearly coincident rapidly moving systems. Per- To show this entails no difficulty. We suppose that
haps a more serious limitation of all time-dependerthe f(n)'s and theg(m)'s can be chosen so that the two
quantum processes which have been used to test themerators of the foregoing time-interval ratios each
dilation-of-time relation (see, for example [4], pp.equal the same non-locally calculable time-interval of
195-200) may be their intrinsic statistical nature. interest, sayr*, viz.,

2: FO) T2 = 732) =D 9tz — tner)

It may seem that the present theory can deal only
with time-intervals that are generated directly by the
recurrent reflection of light-pulses in the model. How- = A7 (A2)
ever, it is readily extended to include all locally mea-
surable time-intervals and their non-locally calculablBecause of unigueness of the ratios in (9) - (10), we
counterparts that can arise. This proves to be possilgn conclude that there is a locally measurable time-
because equality of the time-interval ratios in (9) interval counterpart to which it corresponds, 2y

Appendix

(10) enables (11) to be extended to Thereupon, it follows that
En f(n)(Tz*er — Tz*n) ) Em g(m)(t§m+3 - t§m+1) Z T (Ton+2 — T21) - Z g(m)(tom+3 — toam+1)
Yon fM)(tons2 —t2n) >, 9(M)(T2m43 — T2m+1) n m
-1 = (Aty?, (A3)
11— (v/c)? (AL)

_ N ~ which then leads to (12), but with the time-intervals
wheref(n) andg(m) are arbitrary finite real functions now not restricted to just those generated directly by
of their arguments. They can be chosen in a varietie light-pulse reflections.
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