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ABSTRACT

One of the most basic principles in science isdhpectivity of measurement of physical properti&scording to the
special theory of relativity (STR), this ancieningiple is violated for observers in relative matisince it predicts that
they generally will disagree on the ratios of teadths of two objects and also on whose clocknging slower at any
given time. It is pointed out that neither of thedaims of the theory has ever been verified expenially. On the
contrary, one knows from experiments that have bemried out with circumnavigating airplanes thaisk time is
recorded on an accelerated clock than on its idetcounterpart whose state of motion has not ckdndvioreover,
measurements of the transverse Doppler Effect (Ti¥e shown that wavelengths increase when lightces are
accelerated, which fact is inconsistent with thézgérald-Lorentz contraction effect (FLC), whichegicts that the
dimensions of a photographic plate co-moving wit light source should decrease by varying amodepending on its
orientation. If one insists on the other hand thia¢ Principle of Rationality of Measurement (PRM3ocahold for
observers in relative motion, each of the abovemscstencies in relativity theory can be eliminateithout coming into
conflict with any previously confirmed experimentddservations. Finally, it is pointed out that onan achieve a
definitive test of the PRM by measuring Dopplefteti light frequencies from the vantage point ofddrserver in an

accelerated rest frame.
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INTRODUCTION

One of the most interesting aspects of the histbgivilization was the development of a systemvefghts and measures.
In order to have fair trading practices, it wasyvenportant for different groups to agree on staddaf length and weight
and other quantities. Although this ideal has dituet been realized even to the present dayillitveas possible to carry
out business transactions in a relatively peagefuiner because a basic principle was recognizédstheferred to below

as theRationality of Measurement

The idea was quite simple to apply once one haspgd how to carry out basic arithmetical operatidine key

point is that after one defines a standard uniafgiven physical property, it is possible to assigunique numerical value
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2 Robert J. Buenker

for the amount of this property to be associatetth &why conceivable object. If two traders usedfi@mnt unit, which
was often the case, it wasly necessary to know the ratio of these two unitsder to compare their measurements for a

given quantity, that is, convert one numerical eai that in another system of units.

When Einstein introduced his special theory oftrgly (STR [1]), he broke with tradition and dicohrequire
that the Principle of the Rationality of Measurein@RM) be valid for observers in different inertsgstems. This is due
primarily to the inclusion of the Fitzgerald-Lorentontraction effect (FLC) in this theoretical frawork. For example,
according to STR the ratios of the lengths of twdes of a given triangle are generally differenttfiwo such observers in
relative motion to one another. This state of affé ruled out by the PRM. It is important to seewever, that the FLC
has never been observed in actual experiments, theeigh the literature is replete with Gedankeneexpents that are

consistent with it [2].

There is a more general feature of STR that alstatds the PRM, however, namely the claim that onessent
is symmetric for observers in relative motion tea@nother [1,3]. Accordingly, it is claimed thatatwlocks can both be
running slower than one another at the same timd, adso that the above contraction effect is jushatter of the
perspective of each of the observers. After alk @rgued, two such observers each have the pgenedpat it is the other
that is moving. On this basis, it is claimed thaionly natural that each one will think it isetlother’s clocks that are
running slower or the other’s measuring rods thatcantracted relative to his own. This point awiclearly requires that
the observers cannot agree the ratiosof elapsed times of a given pair of events whay thccur in different inertial
systems. The same holds true for distances betwbgtts in different inertial systems. As a resall, of these

conclusions of STR are seen to be in direct canflith the PRM.

It is generally claimed that the rest of Einsteitiigory [1] is so firmly established that one milrgrefore accept
all of its predictions as facts even in the congkgisence of experimental verification. This cosid is challenged in the
discussion below. It will be shown that it is pdsito satisfy Einstein’s two postulates of relayivtheory, the relativity

principle (RP) and the constancy of the speedgbt liwithout coming in conflict with the PRM.
RATIOS OF MEASURED QUANTITIES IN STR

Let us consider two inertial systems for the pugsosf the present discussion. One is a laboratothe Earth’s surface
and the other has previously been acceleratedeedsp relative to it. The latter could be a rocket,example, that has
been shot from the Earth to attain its presene sthiconstant motion. We shall refer to observecated in the two rest
frames as O and M, respectively. Both observerg Isétandard measuring rods and clocks that wergidgdémhen they

were all located on the Earth’s surface at therégg of the experiment. In addition, each haghtlsource emitting the
samein situ frequencyv and wavelengti. A distance between two fixed points is markedinfboth rest frames that is

found in each case to have a length L equal to 1 m.

The value for each of these quantities is genediffgrent for the two observers according to th€CFTo keep
track of their respective measured values, theWotg notation is introduced. A subscript is useddésignate the rest
frame in which the object of the measurement isled, whereas the identity of the observer in ezde is shown in
parentheses. For example, when O measures theemgtielof light emitted on the rocket ship, thisueals referred to as
M (O). Let us first consider the case when measunesnare madalong the direction of relative motioof the two

inertial systems.
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Relativity Theory and The Principle of Rationality of Measurement 3

According to STR, the measured values for L ammithe above example are
[y = (-1 °T:

Ao (O) =2 b (0)=1

m(0)=y% L (0)=y'

Am (M) =2 by (M) =1

hoM)=yL  Lo(M)=y™

The measured wavelengths listed above are detednoindghe basis of the transverse (or second-oeppler
effect (TDE) [4]. It is assumed thereby that thakationship is perfectly symmetric [3], that isn@asures the same value
for the wavelength emitted in M’s rest frame thatnMasures for that emitted in O’s rest frame. Talees for L on the
other hand are specified by the FLC and they ektlilei same symmetry as the wavelengths discusssdlfi all cases,

the “diagonal” elements are simply timesitu values, in accordance with the RP.

It is easy to see that the above results do nafgdhe PRM. Consider, for example the ratig @) =4y (O)/
Ly (O). It has a value of A in the present example. According to the PRM, Mstmueasure exactly the same value for
the corresponding ratio, RIM) =Ly (M)/

Ly (M). The latter is simply a ratio of the tvio situ quantities and thus has a valué.pfiowever.

This conclusion of the orthodox version of STRis differs from our experience in daily life: oalgvays finds
that the ratio of two such quantities is the samany system of units and therefore, by implicatisralso the same for
any two observers. For example, suppose that oseradr (A) uses the meter as his unit, whereasttier (B) uses cm. If
A measures the lengths of two objects to béAp = 200 m and P(A) = 100 m, he will report a value for their @R (A)
of 2. Because B uses a different, smaller, standflehgth the corresponding measured values fordre larger, AB) =
20000 and p(B) = 10000, but their ratio R (B) is also 2, g@mne as for A. Because of the PRMevaluating such ratios

it is wholly immaterial what unit a given obsenastopts so long as it is used consistently for baghsurements.
INCORPORATING THE PRM IN RELATIVITY THEORY

There has never been arperimentakerification that the PRM is violated for observén relative motion. It is therefore
important to understand how relativity theory wobklave to be modified to make it compatible wittsthncient principle.
The most obvious condition is that the FLC wouldiéhdo be discarded. Justification for this changethieoretical
foundation must be found without violating eithefr Binstein’'s STR postulates since they are bothl @linded
experimentally. For the moment, however, the emghadl be placed simply on discovering how theat&inships
between measurements of a given quantity by diffesbservers have to be altered in order to satiefyPRM. However,
there is an additional restriction, namely the lssof the TDE experiments [5, 6] must be consisteith any new

formulation.

To accomplish the above goal, it is clearly necgsgachange one of the entries in the table ginethe previous
section, namely that for\l.(O), in order for the ratios defined in the preaogdsection to be equal, i.e.yRO) = Ry (M) =
Al
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4 Robert J. Buenker

Ao (O) =2 lb(0)=1
Am (O) =y Lw (O) =v
Av (M) =2 by (M) =1
Ao (M) =72 b (M) =2

In order for the theory to satisfy the PRM, theueabdf L, (O) has been changed framtoy. The last two entries
in the table are left open at this point, as wélldiscussed subsequently. They are not neededrpute the key ratios, R
(O) and R, (M), discussed above. The latter values now bec&ndO) =L y (O)/ Ly (O) =x and Ry (M) = A n (M)/ Ly
(M) =2, in agreement with the PRM since they are equais @mounts to assuming that theréeisgth expansiom the

accelerated rest frame of M rather than the cotitraexpected from the FLC.

It is also clear that the expansion mustdmropicin order for the PRM to be independent of the miegon of
the objects to be measured because in the TDEhthease in wavelength is the same in all direct[dhsAccording to
STR [1], Ly (O) in the transverse direction has a value 0b1IRg (O) =v A, in this case, which is different tham V) =
A

RECIPROCALITY AND THE HAFELE-KEATING EXPERIMENT

The PRM is also quite specific on how to fill inetimissing entries in the above table, however. Assalt of the
acceleration, M’s meter stick is now larger thars ®y a factor of;, it follows that all his length measurements voidl
smallerin the same proportion, that is, there iseaiprocal relationship between them. This means that O'smstick
will appear to have contracted to a lengthyofm and also that the wavelength of light emittezhfrO’s rest frame will

also be smaller by this fraction for M than hissitu value for an identical source. The completed tabgven below:
Ao (O) =2 b (0)=1
A (O) =y A L (O) =y
Am (M) =2 ly (M) =1
hoM)=7y'h  Lo(M)=v"

According to the PRM, whenever they both measuedeahgth of any object, their values must differthg same
ratio. Thus, from the tablég (O) /Ao (M) = Ay (O) /Ay (M) = Lo (O) / Lo (M) = Ly (O) / Ly (M) =y. The reason that
their values differ is because their standard aihdistance is differenfjot because they are carrying out measurements on
objectively different systemin the context of relativity theory, this mearmstt two observers in relative motion can
distinguish their state of motion on this basigrethough they are both moving at constant velo€yite the opposite is
assumed in STR, however. The table in Section pleigectly symmetric. It says that O thinks théhtigmitted from M’s
source has wavelengthk (because of the TDE) at the same time that M ththk light emitted from O’s source also has

this value. It is important to note that Einsteias of a different opinion in his original work [However.

To understand this, it is first necessary to saétthe PRM requires that perfectly analogous m@tatiips to those
shown for wavelengths in the above table also Hotda number of other key physical quantities, nigmanergies,
lifetimes and inertial masses. One knows from erpemt that both the inertial mass @] and the lifetimer [8] of

accelerated particles increase in direct propottiioy just as the wavelength of the light source inaheve example. In
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Relativity Theory and The Principle of Rationality of Measurement 5

the context of the PRM, this means that the unéaafh of these quantities is greater by this am@iin the rest frame of
the accelerated objects. One can therefore replat¢he above table by m and also the rest energy E of the object and
still have the same ratios of O and M’s measurddegas for wavelengths. Einstein [1] referredhi $pecific case of the
periods of clocks in his work and argued that smegion destroys the symmetry that otherwise exwmtswo inertial
systems according to the RP. Von Laue [9] laterfoeced this position with the following remarkdnértial systems are
observable realities; our thought experiment decigkich clock remained at rest in the same systemch in different
ones.” Their common conclusion was certainly ir limith the PRM since it asserts that the accelérelteck always runs

slower than an identical one left behind and thereemust record smaller elapsed times for the samst in every case.

A different interpretation [10,11] also became veygpular, however, one that nonetheless insistshen
symmetric relationship between the two clocks thatquired by STR. In this view, it is critical thstinguish between
portions of a journey in which the clocks are imstant relative motion to one another and thosenvthey are not. In the
first case, it is argued that it is somehow possibl each clock to be running slower than the obiyethe same fraction.
In order for the accelerated clock to return baxktsd original position, it has to reverse direngp however. Using an
argument from the general theory of relativity [1R]is then claimed that during this phase of jinerney the clock “at

rest” must speed up because of the gravitatioall fienerated at its position.

The result of this interpretation is that, in agneat with Einstein’s original conclusion [1], thecalerated clock
has registered less elapsed time than its coumtenteen they are reunited at the end of the jourr@ye of its key
assumptions is that the time-dilation effect of Ssiould only be applied to truly inertial systerBs; contrast, the
interpretation dictated by the PRM assumes thaatheunt by which a clock has slowed down can alvieydetermined
on the basis of its instantaneous speed relatiits triginal rest system, whether it is currenthdergoing acceleration or

not.

The physical reality of time dilation was demonttdain 1971 by a famous experiment with circumnatiity
airplanes carried out by Hafele and Keating [13]isTstudy’s decisive role in distinguishing betwdka orthodox STR
and the PRM interpretation of this effect has beeerlooked, however. The authors succeeded in matfiantitative
predictions of the rates of clocks carried in opjgodirections around the globe as well as otHeas $tayed behind at the
airport of origin. The journey of each clock duritige entire period of measurement was broken imtallsportions. The
only information used to make the necessary cdiouls for a given clock was its altitude and iteesp v relative to a
hypothetical reference clock located on the Eanplolar axis. This means that at any stage of thengy, after making the
appropriate gravitational correction, it is possibd compute the clock rate by assuming that+t () times slower than
the reference clock. This procedure is perfectlyststent with the PRM, but it unequivocally conicasl the symmetric
interpretation of Refs. [10,11]. The acceleratastklon the airplane always runs slower than itsmtanpart on the polar
axis (see also ref. [6]). There is never a portibthe journey in which the reference clock runstéa once one excludes

the effects of gravity.
OTHER EXPERIMENTAL EVIDENCE FOR THE PRM

As has already been noted in Sect. lll, the FL@Boisconsistent with the PRM. Once one proves thatates of clocks in
relative motion satisfy the PRM, it is at leasfidiilt to argue that the FLC is nonetheless a efalct in nature despite its
contradicting the same ancient principle. The cotioa between time and distance is fixed in STRalbse of Einstein’s

second postulate, the constancy of the speedldfiligiree space at the same gravitational poter8iace 1983 the meter
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6 Robert J. Buenker

has been defined as the distance travelled by ligtier vacuum conditions iT = ¢* s. This definition must hold in any
inertial system, and therefore it must be constsiéth the time-dilation effect discussed in thegeding section. If such
an experiment were carried out on the rocket stiipduced in Sect. Il, for example, it is cleartth@ (M) = ¢ s, since M
is carrying out the measuremémtsitu. Because of the time-dilation effect, howeveis just as clear thatT (O) = c¢'ys,
that is,y times longer(after making gravitational corrections [13]). @bger O does not even have to carry out this
measurement explicitly, much less do it at the siime as M makes his determination. It is simplmatter of insisting
that the time-dilation effect observed by Hafel@ dteating must hold under these circumstances,ishathere M has
been accelerated to speed v relative to O (thisrémice is essential to the workings of the Gloladitidning System
technology). To be consistent with the above diédinj O must therefore conclude that the distanaeetled by the light
between the two fixed points on the rocket ship iis, even though his original measurement beforetioeleration took
place was the same as M’s, namely exactly 1 m. fHsislt is obviously consistent wikbngth expansioim the accelerated
rest frame, and the effectigotropic because it is unaffected by a change in the atiem of the rocket shipgt shows that

one must either discard the FLC or give up the entrdefinition of the meter.

As already discussed in Sect. Il, the TDE is alsmimeasier to rationalize in the context of the PRis topic
is discussed in more detail elsewhere [14], buntbst important arguments can be illustrated withfollowing example.
According to the FLC, a photographic plate will tct by varying amounts in different directionseshit is accelerated.
The TDE experiments demonstrate that the waveleafiflght increases as the source is accelerated, by the same
fraction in all directions. The RP demands thatabseerver (M) co-moving with the light source arigraphic plate
not be able to detect any change in the wave pattet he measures after being accelerated. PR is valid, M would
have to see that the wavelength along the directffarelative motion to O has increased by a facfoy” relative to the
dimensions of the photographic plate, and by aofasty in a perpendicular direction. A wavelength is jtist distance
between two maxima on the photographic plate. A# siti should be subject to the same contracti@oming to the FLC
as any other distance. One has to come up withr@mreent why wavelengths are an exception for th€ HiLorder to
remain consistent with the RP.

On the other hand, if one insists on the PRM, ttrenabove results are easily understandalleassuming
isotropic length expansion in the accelerated ffesing contrary to the prediction of the FLC. The photgrhic plate

increases by a factor qfin all directions, so it is impossible for M to tiee any change in the wave pattern that is
deposited on it. The initially identical plate thiatleft behind naturally retains its dimensionsotighout, and so the
wavelength that O measures with it is observedntwease with the relative speed of the light squregardless of

orientation. All this is in perfect agreement wille experimental findings [5].

Measurements of the half-lives [8] of accelerategtastable particles also should be mentioned inpteeent
discussion. Let us assume that observer M is fraye&lith the particles as they travel between fipeéhts A and B in O’s
rest frame. Then situ half-life of the particles iz and they are traveling with speed v relative toT@e following
argument has been given in standard texts [15m&lipport of the FLC. If M measures the elapsee tionber, then only
half the particles will remain by the time he reaglB. Because of time dilation, O must measurengdptime,y t, but
must also find that exactly half of the particlesnain because this number is obviously a relaiivisvariant. However, it
is assumed that the speed v of the particles isahee for both O and M (we will return to this asption subsequently).

On this basis, one must conclude that M will meaghe distance between A and B to be whereas O will find the
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Relativity Theory and The Principle of Rationality of Measurement 7

length of M’s journey between the same two poiatkarger than this value by a factoryofit is then stated according to

the above argument [15,16] that this is an examplength contraction in M’s rest frame.

There are two problems with the latter argumentyéwer. First of all, the FLC only claims that distas are
contracted by this much along the direction oftreéamotion. The conclusions about respective distaneasurements of
the two observers are based solely on the timétalil@ffect and thus are not affected by this deTdius, the argument is
specious because it only applies for a particuli@ction of motion. That is not the only problenowever. The points A
and B are the same for both observers and theyncaao way be construed as being exclusively in kst frame. The
only reason why the two observers disagree on thmenical value for this distance is because thdgreace their
measurements to a different standard of length. FRM allows one to explain these results by assgntiat the
measuring rod in M’s rest framejigimes largerthan that employed by O, consistent with the tgflen in Sect. Ill, with
the consequence that he measures the distanceelpetfvand B to be times smallethan O does. Moreover, this
argument is independent of the direction travellgdM, consistent with what must be assumed on tsbof time
dilation. Again, the FLC doesn’t explain anythingoat these observations. To believe it, one hasispend the logical

deduction process that is essential in applyindPtR#/.

Finally, the aforementioned assumption that O anddth measure the same speed v for M’s journey dmrtvwA
and B is also consistent with the PRM [17]. Speedetocity is defined as a ratio of distance tréagto elapsed time. By
assuming that the fraction of length expansiomégame as for time dilation, it follows immedigtélom the PRM that
the speeds of all objects between two fixed poimds only for light pulses, will be the same faryatwo observers,
regardless of their state of relative motion (el statement actually only holds if both obsesae located at the same
gravitational potential). A more general discussatrout the way in which the units of physical qiteeg vary with the

observer’s state of motion and position in a gedidhal field is given elsewhere [18, 19].
A DEFINITIVE EXPERIMENTAL TEST FOR THE PRM

As mentioned in Sect. IV, a detailed analysis &f tbsults of the experiment with circumnavigatinmglanes [13] shows
not only that they support time dilation in accated rest frames but also that they contradictezaslaims [10,11] for the
symmetric nature of this effect for purely inertsgistems. They demonstrate instead that at eace mfidhe journey, after
one has made the appropriate gravitational comesti13], the clocks on the aircraft actually do slower than reference
clocks that are at rest on the Earth’s polar aiiss result is a clear confirmation of the PRM siricproves that elapsed

times measured on the airplanes are always lesdhbae obtained using the reference clock.

The Hafele-Keating results suggest another expetirtteat is perhaps a more direct test of the twatikty
theories. According to STR, the TDE should be prtfesymmetric for two observers in relative motidihere is another
derivation [4,14] of the latter effect that suggestherwise, however. It equates the second-offtent@n frequencies and
wavelengths with time dilation. According to the Rthis means that the TDE is perfectly anti-synmoetthat is,

reciprocal in nature.

To be specific, let us return to the general situnatliscussed in Sect. Il in which the two obsesy€ and M, are
in relative motion but only M has undergone ac@glen. In order to make the argument more transparee can assume
that they are both at the same gravitational piteahd also that the effects of rotation aboutEaeth’'s polar axis can be

neglected. Both observers have identical light sesiof frequency,. When O receives a light signal from M’s souroe, h
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8 Robert J. Buenker

measures its frequency to &, when they are moving in a transverse directioatie to their line of sight. This result is
consistent with all previous TDE measurements anekplained by the fact that all clocks in M’s decated rest frame

run slower by a factor of than their identical counterparts used by O irrést frame.

What one needs to test the PRM is to have M medbarfequencemitted from O’s light sourcéccording to
STR [1], he should obtain the same value as O dwesgelyyv,, because for M it is O who is moving with speed ke
PRM, on the other hand, does not expect this redultequires that M alwayseasure higher frequenciésr the same
light sourcebecause of the fact that his clock runs slowen &. In agreement with Einstein [1] and von L§8E the
PRM assumes that it is indeed possible to distaslgbetween the two inertial systems in this apptiosbecause only one
of them has been accelerated. On this basis, Midhoeasure the transverse Doppler-shifted frequdrmy O’s light
source to bev,, that is, he should find thaélhe frequency has been blue-shiftdte opposite of what O finds when he
receives signals from M’s rest franféere is thus a clear distinction between the ptediresults of STR and those of the
PRM in the proposed experiment. The ratio of the Boppler-shifted frequencies should varyyam the latter case and

thus be dependent on the relative speed of the@bgervers, contrary to what is claimed in conver@iGTR.

More details concerning this version of the TDE exkpent may be found elsewhere [20]. In order ttaimbthe
frequency results to sufficiently high accuracyisitnecessary to eliminate the first-order Doppffect, but this can be
done electronically using a two-way transpondetesys[21]. If the experiment is carried out on arplane, then the
effects of rotation about the Earth’s polar axisnadl as of gravity on the measured frequenciesldvbave to be taken
into account to suitably high accuracy, as wascdse in the original Hafele-Keating experiment [Iidje main question
is clearly whether the frequency determinations lvarstabilized to a sufficient degree to allow TH2E measurements to
be of definitive accuracy in the airplane’s resinfie. In reality, it is possible to carry out thigperiment by using

exclusively land-based laboratories situated aelyidifferent latitudes, as is discussed in the panion article [20].
GLOBAL POSITIONING SYSTEM- LORENTZ TRANSFORMATION ( GPS-LT)

Whenever the predictions of a theory are contraditly experiment, there must be an incorrect assomgesponsible for
this failure. Especially since the main argumemtegally given for belief in the FLC and the symnetharacter of time
dilation is purely theoretical, it is especiallyportant in the present case to try and identifyhsacwveak point in the
overall formulation of STR. To this end it is insttive to carefully examine the theoretical basisthese predictions,

which is the Lorentz transformation (LT) of spaoed coordinates.

Einstein [1] derived the LT by using the exampledight pulse moving from a common origin for telservers
in relative motion. In this context it is cleamattithe space-time variables of the theory reféhéodistanceér travelled by
the light pulse and the corresponding elapsed fné his definition is crucial because of the needsatisfy the basic
requirement of Einstein’s second postulate, nantiedt the speed /At of the light pulse be equal to ¢ for both
observers. This identification is perfectly in liméth that used by Newton and contemporaries inviwey the Galilean
transformation. As discussed in previous work [3P,however, the above condition can be satisfigith & different
transformation than the LT, which is referred totls alternativeGlobal Positioning System- Lorentz transformation
(GPS-LT) [24-26]:

AX =1 (AX’ + U At) (1a)

Ay =ny'Ay (1b)
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Relativity Theory and The Principle of Rationality of Measurement 9

Az =ny'AZ’ (1c)
At = At (1d)
In whichy has the same meaning as in the FLC/LT used abwlg i defined as:

n = (1 + uédx/dt)™. 2

The latter quantity appears in the relativisticoodtly transformation (RVT [27]). Note that eq. (lid)}the same as
in the Galilean transformation (GT) and does na@bive any mixing of spatial and time coordinateslike the case for
the LT. It is important to note that it is assumadeqs. (1la-d) that both observers use exactlystmae set of units.
However, because of time dilation, this is not tiseal case. If the clocks in the primed rest frd8igrun Q times slower
than in the other (S), one has to attachof the above equations by multiplying with Q on tight-hand side in order to

insure that each observer uses his own set of propes. For example, eq. (1d) becomes dt=Qdt'.

In the case of eq. (1d), it is assumed that boHenders base their measurements on clocks thattrexactly the
same rate. This requirement is satisfied in thé& Giethodology [28, 29] by employing “pre-correctedmic clocks
whose rates have been adjusted prior to launchagaipon reaching orbit they are exactly equahtse of their identical

counterparts left behind on the Earth’s surface.

This interpretation is perfectly consistent withe tRRM and therefore has the advantage of elimigatie
symmetry principle required by the LT and thereftire necessity of claiming that two clocks can Hmthrunning slower
than one another at the same time. It also remitneeBLC as an inevitable consequence of the thedrife still satisfying
Einstein’s postulate of the constancy of the spadiyht in free space. In the last analysis, tflerhust be rejected as a
relativistic space-time transformation becaus@ésinot conform to the principle of simultaneityeoEnts for observers in
different inertial systems [21, 22, 30, 31]. Evetitat occur at the same time for an uncompensdta on a satellite
must also be simultaneous for the correspondingprnected clock and therefore also for their ceyperts on the Earth’s
surface. In predicting non-simultaneity, Einsteirdathers simply overlooked the possibility thad ttates of clocks in
relative motion can simply be adjusted to be pélsfexynchronous with one another, as experimentuitamately proven

to be the case.
CONCLUSIONS

The ancient principle (PRM) of the strict proponidity (or rationality) of the measurements of eiffnt observers for
physical quantities such as length, mass and tmwolated in the special theory of relativity ima respects. First, STR
claims that there is always a symmetric relatiom$i@tween the measured values of two observerdative motion: for

example, each should find that the other’s clockusning slower or that the other's standard ofgtinhas been
contracted. Secondly, because of the Fitzgerala+ta contraction effect (FLC), it asserts that #engths measured
along different directions will not generally be ithe same proportion for two such observers. Desthie excellent
achievements of STR over the past century, howdere has been no experimental confirmation fdrezibf the above

features of this theory.

The PRM is of inestimable value in everyday lifecdase it allows one to introduce a rational setimifs on
which to base determinations of a given quantityer€ is absolute certainty that the ratio of thmgtles of two objects is

the same for everyone regardless of the unit thahosen on which to base such measurements. di/érse Doppler
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effect (TDE) provides a good illustration of theoplems that develop in trying to make logical ddauns based on STR.
One knows from the relativity principle (RP) thaisi impossible for an observer to detect a changke wavelength of a
light source as it is accelerated as long as be-isoving with it. Experiment has shown that anesiasr who stays behind
in the laboratory does find that the wavelengthiéases by a factor f however. At the same time, according to the FLC
the same observer should find that the dimensidrnieo photographic plate he uses to measure theslelagth have
contracted by varying amounts in the acceleratstframe depending on its orientation to him. Ndiyn@ane would say
that this is a contradiction, but by not subscigbio the PRM it is possible for STR to accept theseilts without further
discussion. The question that remains, howevewhat purpose the FLC serves if it is not possilblenake logical

deductions on its basis.

The modern definition of the meter does not allestsa liberal interpretation, however. It must ladid/in every
inertial system and this means because of timdidilahat a rest frame whose clocks run slower nemsploy a larger
standard for the meter, and this in all directiofisis state of affairs is only consistent wifotropic length expansion
accompanying time dilatiom a given rest frame, not the FLC. This conclosi® also consistent with the results of the
TDE discussed first. If the dimensions of the aexkd photographic plate increase by a factor iofall directions, it
becomes perfectly understandable why the co-moobsgrver is unable to detect a change in the wagtien his rest

frame.

The importance of incorporating the PRM into reli&yi theory becomes even clearer when attentiatirected to
the Hafele-Keating experiments with circumnaviggtairplanes. They provide evidence for more tha fime dilation.
They show unequivocally that clocks slow down upaoeleration and therefore that the effect is gotrsetric for two
observers in relative motion even when they aré b@tveling at constant velocity. In particulareyhcontradict the oft-
guoted assertion that the asymmetry of time-dilatbservations is caused solely by gravitationdot$. This result is
again perfectly consistent with the PRM, which dadsathat timing results obtained with any two clechust always be

in the same proportion for a given event.

This in turn suggests another experiment that ke of distinguishing between relativity theorjthwand
without the PRM. According to STR, the TDE is petfg symmetric for two such observers when theyhexge light
signals from identical sources. The frequency shalgicrease for both of them relative to itheitu value. The PRM, on
the other hand, requires that the accelerated wrsereasure an increase in frequency by a factgpmefcause of the fact
that his clock runs slower by this fraction thaattbf his counterpart whose state of motion haschanged. As noted

above, this is the only result that is consisteitih #he observations in the Hafele-Keating experime

The FLC and also the symmetric character of STRiendorresponding rejection of the PRM are basedm
incorrect assumption in Einstein’s original worK,[hamely that observers in relative motion gergnaill not agree on
whether two events occur simultaneously or not.gfigmce with the GPS methodology in fact shows thiat prediction
is not fulfilled in actual practice. Time dilatiaanly produces a change in the rate of an accetedtek. Since its new
rate is always strictlproportionalto the old oneit is impossible that events that are simultanefmusone of the clocks
will not be simultaneous for the other as wélhis contradiction is easily removed from theattyeby replacing the LT
with a different space-time transformation, the @AY22-27], which also satisfies Einstein’s twogpalates of STR, but

which is perfectly consistent with both the PRM ainel principle of absolute simultaneity.
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This fact destroys the oft-cited argument thatEh€ and the symmetry principle of STR must occunature
because the LT on which they are based works sbinvether applications. The key advantage of tHRSA.T is that it
allows one to ascribe a rational system of physicals to each observer at any point of time thathées him to easily
convert his own measured values for a given ewettidse of a second observer who is in relativéandb him. In this
way it is possible to return to the situation tagisted in physics before the introduction of STHiRmely the belief that the
measurement of physical quantities is perfectlgctije.The only reason that two observers can disagrébeonumerical
value for any such quantitis because they employ a different system of wnitswhich to base their respective

measurements.
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