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ABSTRACT

It is well established experimentally that clockesincrease with gravitational potential. Thiseeff was predicted by
Einstein in 1907 and verified in the experimentPofind and Snider in 1965. In the present workilitbe argued that the
above results can be conveniently described in geofna uniform scaling of physical properties. Corly needs a
conversion factor between the two sets of unitdiffierent gravitational potentials to accuratelyealict the result of a
measurement at one altitude based on the correspgnalue obtained at another. For the case of thé of energy,
Einstein showed that the appropriate conversiondiais S = 1+ghé, where c=2.99792458 ms-1 is the speed of light in
free space, g is the local acceleration of gradtyd h is the difference in altitudes between the test frames. The
corresponding factors for light speed and frequenoy both also equal to S. As with conventional sneaments, the
corresponding conversion factor in the reverse aimn is always the reciprocal of the other. Foraeyple, the reverse
factors for energy, light speed and frequency aeheequal to 3= 1-ghc?. Attempts to develop a corresponding set of
conversion factors for different inertial rest framhave heretofore been hampered by the facthieaSpecial Theory of
Relativity (STR) predicts unambiguously that tirlatidn is symmetric, i.e. that a moving clock iways found to have a
slower rate than one that is stationary in the obegs rest frame. On this basis, it is impossitwedefine a unique
conversion factor between measured values of tiree Seequency obtained in two different rest franfése present work
shows that experimental tests of the symmetrynaf diilation do not agree with the above predictdiSTR. As a result, it

becomes possible to also define conversion fatieseen measured values in different inertial sgste

KEYWORDS: Einstein’s Symmetry Principle (ESP), AsymmetriceTDilation, Clock-Rate Proportionality, Universal
Time-Dilation Law (UTDL), Lorentz TransformationT{l, Relativistic Velocity Transformation (RVT),ekhative Global
Positioning System-Lorentz Transformation (GPS-LARpsolute Remote Simultaneity, Isotropic Length aBzwn,

Uniform Scaling of Physical Properties, Amendedsiter of the Relativity Principle (RP)

Article History
Received: 14 Mar 2020 | Revised: 19 Mar 2020 | Accepted: 03 Apr 2020

INTRODUCTION

The classical treatment of gravitational interatsias based on the energy conservation law. Acaglyli there are two
distinct types of energy, potential and kineti@tthre exchanged when a body is in free fall. Newtas able to predict
guantitative details of planetary orbits on thisibaand his theory is still used exclusively indem-day navigation
systems. After introduction of his Special TheofyRelativity (STR) [1], Einstein derived relatioriph between measured

values of properties for the same system obtainawb observers located at different positions gravitational field [2].
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16 Robert J. Buenker

He predicted that the rates of clocks increase gristvitational potential [3], for example.

Because of a locality principle, however, Eins@isumed that tha situ frequency of an atom will always be the
same, i.e. be independent of the location of theenker and his stationary clock. Formally, one edtnibute the
distinctions between the measured results for #mesquantity obtained by observers located atrdifftegravitational
potentials to the fact that they employ differeatssof rational units to express their respectivuenaerical values. He
argued, for example, that the Maxwell equation® '@frthe same form" in different positions in a\gtational field, but
that the value of the speed of light changes frava position to another. This conclusion led hinptedict that light

waves are bent in a gravitational field and ultiehated him to develop the general theory of relgti[4].

This experience suggests that it would be quitéulise be able to predict "conversion factors" begw the units
employed by observers located at different positiona gravitational field. Einstein made defingeedictions for the
values of these quantities for light speed andueegies, and experiment has subsequently verified@dnclusions to a
high degree of accuracy, as will be discussed taildeelow. Particular emphasis will be placed ba possible existence

of corresponding conversion factors for the unitplyed by observers in different states of motion.
Gravitational Scaling of Physical Units

The first example of a gravitational scale fact@svgiven by Einstein [2] for light frequencies. etincluded that a clock
at a higher gravitational potenti@l must run (1 +Pc-2) times faster than an identical clock locatédha observer's
location. He based his argument on consideratibspace-time relationships expected from STR [H] toe equivalence
principle (EP) [2]. The same value for the conwamsfactor for energy E can be obtained directlymfrdlewton's
gravitational theory and the mass-energy equivaemtation of STR. Accordingly, one assumes that iticrease in
energy of an object of mass m when it is raisedltitude h above the observer's location in thevigaional field will
have a value of mgh, where g is the local accéteratue to gravity. The initial value of the enexfithe object is equal to
mc?, where c is the speed of light in free space hsoftactional increase in energy is equal to thie r@f mgh to mé,
which upon cancellation of m becomes Gh® c? [4, 5] (note that the object's gravitational mass in the former
guantity and inertial mass,nm the latter have the same values in this exarmptause no change in the object's state of
motion is assumed when it is moved to a differeawvigational potential). The ratio of the energyPEfneasured by the
observer when the object is located at position thé gravitational field to the corresponding eafar the identical object

when it is located at position O is (Id€?%)= (1+ ghc?), i.e.
E (O) = (1+ gh®) E (P) =S E (P). (1)
The corresponding relationship for light frequeseiés [2]:
v (0) = (1+ ghd) v (P) = Sv (P). )
Moreover, Einstein obtained a similar relationsioippmeasured values of the speed of light [2]:
¢ (0) = (1+ghé)c (P)=Sc (P). (3)

As discussed above, it is assumed that a localedasat point P obtains the same values for thouarquantities
in egs. (1-3) when the object is located therehasabserver at O finds when the object is locatedet This "locality
principle” is essential for understanding the nadie of the scaling arguments. It is assumed thmatréason the two

observers measure different values for each oktheantities when the object is located at poiist fecause they employ
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Relativistic Scaling of Physical Properties: Reciprocal Relationship between Conversion Factors 17

different units to express their numerical valugach observer thinks that he is using standard imieach case because
all hisin situ measurements are perfectly consistent with thésiraption. In order to predict the values obtaingdhe
observer at point O in the gravitational field tee tcorresponding values obtained locally at poinit B necessary to
recognize that the two sets of standard units etteally not the same. The conversion from one $einds to another is
accomplished by employing the factor S in egs.)(Ir3®ach case. The scaling is always completeifpun, so the same

conversion factor is applicable for all quantittéthe same type.

The situation is completely analogous to the praoedvhen one changes the unit employed in a gialearatory
from feet to meters in distance measurements. @nplys has to know the appropriate conversion fa¢toexpress the
result in a different system of units. In absolteems, the result is exactly the same no mattecchviset of units is
employed. The problem with gravitational scalinghat each observer thinks that he is using thedsta unit to express
his results for any given quantity. To be completaicurate, one should not only mention the unédoh case but also the
location in the gravitational field in which thegprerty is measured. The point of the present eseiisithat the conversion
factors exist, not to explain why they exist. O dook upon such relationships as "natural lawst ire universally

reliable.

Another feature of the analogy with unit conversi@iso needs to be emphasized in the present ¢ontewrely
that the "reverse" conversion is always accomptisivith the reciprocal of the conversion factor lve original direction.
This fact is obvious from algebraic manipulationeafs. (1-3). In order to convert the values obthihg the observer

located at point O to those obtained by the obsexpoint P, it is necessary to use the factbmSeach case.

The overriding assumption in the above argumenthas measurement is completely objective. Two nlese
always experience the same event when carryingheutrespective measurements. The only reasondéeyegitimately
obtain different results for the same quantity écduse they employ a different standard unit inctviio express their
numerical values. There is no absolute standard wiitich to compare, so the result of every measenémust always be
given relative to a specific reference value. Tdt@s of numerical values for two measurements of tleesquantity must
be the same, however. The same holds true for amdimeasurements carried out at the same positi@ngravitational
field when the two observers employ different stddunits such as feet and meters or seconds amdeeonds. One can

refer to this state of affairs as the principleaifonal measurement (PRM) [7].

One of the main consequences of objectivity is thatlows one to use the ordinary rules of algeforaleduce
other gravitational conversion factors than thdsergin egs. (1-3). For example, the unit of freqmeis §', so it follows
that the conversion factor for periods and othapséd times is the reciprocal of that for frequesichamely 3. The
information for speed, energy and frequency isisieffit to derive the conversion factors for all pical quantities. The
value for wavelengths/lengths is determined asptiogluct of the conversion factors for speed anc tand is therefore
seen to be unity & Similarly, the conversion factor for momentunegn be obtained from the E=pc formula of quantum
mechanics. Once again the result is unity. The emion factor for angular momentum, with unit d&sthe same as for
Planck's constant h and also has a valué’.ohSther words, observers located at differeawijational potentials should
agree on the values of each of these three quemtitimust be emphasized, however, that this asiart only holds if the
object of the measurement is stationary with resfgeeach of the observers. This is the generadlition for application
of the gravitational scale factors. Finally, thexeersion factor for inertial mass m is deducedeoSH from the fact that

this quantity is the ratio of momentum p to speed@he result is seen to be the same as for time.cbhversion factor for
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18 Robert J. Buenker

angular momentum (mvr) can thus be computed agribeuct of the corresponding factors for inertials® (S), speed
(S) and distance @ consistent with the result obtained abov® f&sed on the conversion factors for energy ané.ti
More details on the general theory of gravitatiosahling of physical units may be found in the auth earlier
publications [8-10].

The conversion factors in egs. (1-3) are only aalie in small regions of space where the valug oan be
considered to be constant. A general value carbtsned by integration of the fractional increasemnergy from a given
point r. in the gravitational field up to infinity and ugifNewton's universal law of gravitation to definatgeach interval

(G = 6.670x10"* Nm?kg? is the universal gravitational constant and Méactive mass responsible for the interaction):
Int 7 (gc?dr) = Int £ (GMg™*cdr) = GMy; ¢ 4

Note that the value required for light speed isltival value at each infinitesimal interval and can tfeneebe set
equal to c throughout, i.e. can be treated rigdyoas a constant independent of r in the integrdint then useful to
define the conversion factor; Between the unit of energy at positigrirr the gravitational field and the corresponding

value at infinity:
A =1+GMy'c? ®)

a value of the energy obtained at infinity mustrbeltiplied by A to obtain the corresponding result for the observe

located at position n the field.

The next step is to obtain the conversion factdwben the observer's unit of energy and that engpldyy an
observer at the same locatigyirr the field as the object of a given measurenithis can be done by first computing the
reverse conversion factors between the unit atitgfand those for the observer's location,atmd the object's location at
I, these two results are,Aand Ap-l, respectively. The conversion factor S to be usethe observer at for the object at

I, is then obtained by division as:
S=AA,. (6)

Note that this value of S is consistent with thppearing in egs. (1-3) if we set k=g for small/infinitesimal
values of h. Einstein noted in his original worK [Rat the value of (S-1) on earth for an objeataked at the sun's
chromosphere is 2.1xf0 1t is also clear from eq. (6) that the reversevession factor is PA,, the reciprocal of S,

consistent with the requirement discussed above.

It is impractical to carry out the experiment wablar light frequencies because of the random matiothe
atoms located near the sun, but a terrestrial @xpet [11, 12] has confirmed eq. (1). Théddbauer effect was used to
measure the frequency of x-rays emitted from ac®located 22.5 m above the detector. The obsdregqdency agreed
to within experimental error with the expected eahf S/, wherev is the frequency measured at the light source. The
interpretation dating back to Einstein's originariw[2] is that the unit of frequency is S timesadler at the location of
the x-ray absorber, and that this frequency is taaiad as the radiation descends to lower altitdde effect of the
gravitational scaling on other properties has bdisaussed elsewhere [13-14] and will be brieflyieaed in the present
work. The value of the energy measured at the ilocatf the absorber is Sl SE and the corresponding speed of light is
Sc. The energy of the radiation is also constarinduree fall, but the light speed decreases talae of ¢ at the absorber
location. On this basis, one can conclude thawtheelength of the radiation decreased by a fadt@'dfrom the initial

value of), whereas the momentum increased to a value of f&iftits initial value of p =E/c. The product owelength
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Relativistic Scaling of Physical Properties: Reciprocal Relationship between Conversion Factors 19

and momentum therefore remains constant, in agneewi¢h the de Broglie relation, pFhunder the assumption that

Planck's constant h is constant throughout, alftth is consistent with the previous discussiothia section.

One of the main theoretical goals of the origingdeziment was to measure the effective weight aftphs. The
latter quantity is equal to git? at the location of the x-ray source. As discusatale, inertial mass scales a5 $o in the
units of the observer at the ground level, it haslae of S' hv/c’. At the conclusion of the experiment, the speetigit
has decreased by a factor c, whereas both theefneguS) and h are unchanged. Therefore, the inertial madhe
photons has increased by a factor bfda value of §c. Since g has essentially the same value throughtaherefore

can be concluded that the weight of the photonsalsasincreased by a factor oft§y the time they reach the absorber.

A more straightforward application of eq. (1) inviolg atomic clocks has also been reported [15hdreement
with expectations, the rate of the clock at a highititude was found to be S times larger than tfaits identical

counterpart at ground level.

Direct tests of the effect of gravitation on theesg of light are also impractical, but they cardieduced on the
basis of certain experiments. For example, ShdfpBphas shown that the speed of radio signalsedesas when they pass
close to planets such as Mercury and Jupiter [I7é. strongest evidence for the gravitational sgatifilight speed comes
from numerical calculations that predict the displaent of star images during solar eclipses. Qiading agreement with
the angle of bending of wave fronts was obtaineEimgtein [4] using his Theory of General Relativischiff [18] has
shown that this angle can be computed to the saxe bf accuracy in a simplified treatment basetirely on scaling
arguments. It was necessary for him to take spaciebunt of the fact that the conversion factomgies continuously as
the light travels radial to the gravitational fielfithe sun [10, 13, 18-20].

It is probably also fair to say that the scalingeoérgy has been shown to be accurate based oedndkperience
with the other properties. The derivation of thewersion factor in eq. (1) relies solely on thenfata for potential energy
in Newton's classical theory and comes to the samdt as for frequencies and light speed thanoktained by Einstein
using a different route. As already discussed, dheeconversion factors for these three quantiiease been determined,
one only has to rely on a belief in the fundameantgkctivity of measurement to derive the corresfig value for any

other physical quantity based on its compositioterms of these fundamental units.

Another advantage of objectivity is that allows doeeasily convert the scale factors of one obsetwehe
corresponding values of another. One simply h&stav the ratio X of the new observer'svalue from eg. (5) at location
ri in the gravitational field to that of the originabserver, i.e. X= fA,. It is clear from eq. (6) that the product of Xthwi
the scale factor 3 = AJ/A, for the observer at,raccomplishes the desired conversion.,SX Soq = (A/AL)
(AJA)=AIA,.

Thus far in the discussion, it has been assumédhbee is only one active mass that needs to beidered in
computing gravitational scale factors. In princjpbé course, clock rates and other properties coaldnfluenced by a
number of such masses. The notation used abovbeecahanged to account for this eventuality by agldirsuperscript m
to the A quantities defined in eq. (5), i.e."Ato distinguish between the various possibiliti#ae corresponding
conversion factors for multiple active masses wdah&h be computed gsoductsof the individual factors for the various
masses, m=1,2...n. Consequently, the presencesecand body m can either increase or decreasedle wf the

conversion factor from eq. (6) obtained for just thain active mass depending on whethgtid greater or less than,A

www.iaset.us editor @ aset.us



20 Robert J. Buenker

Kinetic Scaling of Physical Units

The previous discussion of gravitational scale dextraises the question of whether a similar pnogfar comparing
experimental results can be constructed for pdibeervers in different rest frames. It shouldckEarly recognized that
this cannot be done as long as one adheres to Einstein's $JTRHe reason is because STR conforms to a symmetr
principle that implies that the measurement protessbjective in nature. Which of two identicabaks is running slower

is purely a matter of perspective in this theooy,dxample. One can only have a workable systemmit§ if it is possible

in principle to always know not only which clockfaster, but also by what fraction.

There is reason to believe that STR [1] is wrondlos point, however. For example, the belief tinat results of
measurements depend on the speed of the objetivedia the observer has a significant effect anvilay conservation of
energy principle is to be applied. Consider theeaafsan object falling through a distance h. Anesler for which the
object is initially at rest will find that it as spd v when it reaches the end of its motion dowdwaccordingly, the
kinetic energy at this point has changed from a initlal value to m¥/2. This value exactly cancels the loss in poténtia
energy (mgh), so energy is conserved from this rvless vantage point. The situation is different &mother observer
traveling at a constant downward speed v. He fthdsthe initial speed of the object is v in thevapd direction, whereas
it attains a null value at the end of the fallttis case the kinetic energy hdecreasedy the same amount as for the first
observer, while the change in potential energythassame value. Therefore, energy is not conseiread the vantage
point of this observer. If conservation of energybelieved to be absolute, this dependence ontdlte af motion of the

observer relative to the object is totally unacabfs.

It is important to realize that the symmetry prpteiof STR has remained unconfirmed based on exgeti On
the contrary, there are numerous examples whéseviblated. The first such definitive test wasrezd out by Hay et al.
[21] in which an x-ray source and absorber werd lpodunted on a high-speed rotor. The authors fdlatthe frequency

shift Av of the x-rays measured at the absorber is desthp¢he following empirical formula:

W

2¢?

£~ (R*-R?) ¢
In which @ is the circular frequency of the rotor ang R, are the radial distances of the absorber and g li
source, respectively. The same formula was subségueerified by two other groups [22,23]. It isxdbus from eq. (7)
that the emission process does not satisfy the §fRnetry principle. The results indicate that tlym ©f the shift differs
depending on whether the absorber is closer t@tieof the rotor or farther away from it. The S$Rnmetry principle
would have us believe on the contrary thatwould depend on the absolute value of the diffegenf the two radii, as

shown below in eq. (8):
Aviv=-|R-Rf0%2¢, (8)

so that a decrease in frequency (red shift) woeldlbserved in all cases. Instead, a blue shiftdaasured when
the absorber is mounted at the rim of the roter, with R, >Rs. Kiindig [23] summarized this result quite sucdyets
follows: the clock undergoing greater accelerations slower. This statement is tantamount to sathiagythe frequency

measurements are objective after all.

As a result, it is possible to use eq. (7) to dedvscaling factor Q for kinetic effects that isoli§ analogous to

the gravitational scaling factor S discussed ingtevious section. If the frequency measured attisorber is defined as
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Relativistic Scaling of Physical Properties: Reciprocal Relationship between Conversion Factors 21

v=vstAv, eq. (8) can be reformulated as:
vd vs= 1 + (RERAw?2¢, (9)
which in turn can be seen as an approximationdaortbre general form involvingfactors shown below:
Valvs = Y(Raw)ly(Rew)= v(Va)/y(Vs), (10)

v, and v are the speeds of the absorber and x-ray soustésecto the rotor axis. If we then associateahsorber

with observer O in egs. (1-3) and the light sowith position P, eq. (10) can be rewritten simifad eq. (2) as:
v (0) = (vo)y(vp)l v (P). 11)
The corresponding formula for the periods of thdiaton T =14 is then obtained as:
T(0) =(vp)y(vo)l T (P) = QT (P), (12)

Where by
Q=7v(vp)l¥(vo) (13)

Can be looked upon, analogous to S in egs. (1s3heconversion factor between the units of timghé two rest

frames.

The above analysis is clearly supported by the raxat carried out a decade later with circumnatiggclocks
by Hafele and Keating [24-25]. They found that &hepsed times recorded on atomic clocks were iel)e@oportional to
v (v), where v is the speed relative the centehefdarth (ECM). As a consequence, clocks flyingtwasl ran at slower
rate than those at the airport of departure, whielatter in turn ran slower than the clocks ftyin the westerly direction.
These results could be quantitatively explainedheyfact that the earth was rotating eastward bétmaclocks, thereby
increasing the effective speed of the clocks mowmnthat direction and decreasing it in the opmos#se. Both the rotor

and airplane data are thus seen to satisfy thewiolg general formula for elapsed tim&sandAt'":
Aty (vo) = Aty (V). (14)

The corresponding speedsand ' are measured relative to a specific referenaadrand generally not relative
to that of the observer. The latter rest framéhésrbtor axis in the Hay et al. study [21-23] ahd ECM in the airplane
experiment [24, 25]. In previous work, this refarerhas been referred to as the objective restmy8@RS) [26]. In
Einstein's example [1] of an electron moving inlased circle, the ORS is the point at which forseapplied to the
electron to cause it to be accelerated. For the cfan object in free fall discussed in the pramgdection, the ORS is the
rest frame in which the object is initially stataog. The state of motion of the observer therefmae no effect on the
calculation of the total energy at different stagéshe free fall, with the result that the consdion of energy principle
holds throughout.

Because eq. (14) describes the variation of thpseth times of clocks quantitatively in all thesseas it is
appropriate to refer to it [27] as the Universaing&iDilation Law (UTDL). It is seen to be compatiméth egs. (12, 13)
and thus with the general conclusions regardingkihetic scaling of time and frequency, wherebyyQ@gz)/v(vo)in this
notation. In order to apply the UTDL in a given eat is first necessary to identify the ORS. Tdumversion factoQ
between the units of time in different pairs oftrfeames can then be computed directly just by kngwtheir respective
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22 Robert J. Buenker

speeds relative to the ORS. Unlike the case fofSthe treatment of time dilation (Einstein's symmetrinciple [1]), the
relative speed of the latter two rest frames isrequired for determining the ratio of their measlielapsed times. The
key point is that the two observers in these remmés must agree on tlasolutevalue of the elapsed time after
accounting for the difference in the units in whiedich expresses his measured result. As with thétgfional scaling

discussed first, measurement is perfectly objedtivtais view. It is not a matter of the perspeetof the observer.

Experiment allows us to deduce the kinetic scatdofa for all other physical quantities. To begiithwthe
constancy of the speed of light implies that thevession factor for velocity is unity @ This result only applies to the
relative velocities of two objects. Clearly, the speed @fiwen object relative to two observers in diffdresst frames is
not the same for both. The conversion factor fovelength and distances in general must be the sarfa elapsed times
(Q). This is because a given distance L can bermated by measuring the elapsed tiiE for a light pulse to travel
between the two end-points. Light-speed constamesefore implies that the value of L is equal A cTherefore, L and
AT must change in the same proportion when the ohitso observers are exchanged, since they museamn the value
of c. This means that isotropic length expansiostragcompany time dilation in a give rest frame, when clocks slow
down, both the unit of length and time shoidreaseby the same fraction. This prediction stands itirtis contrast with
the FitzGerald length contraction expected to agmamy time dilation according to STR [1]. Experimanterification for
the increase in length with increasing speed v alia@ady obtained in 1938 with the transverse Dapstledy of Ives and
Stilwell [28]. The found that the wavelength ofHigincreasesby a factor ofy (v) in an accelerated rest frame (after
averaging out the effect of the to-and-fro motidrthe light source relative to the laboratory), dhid result has also been

obtained in subsequent tests of higher accuradytii2@ the original.

Experimental studies of the variation of inertighgs m with speed v [30] have indicated that itls® airectly
proportional toy (v), the same as for time, so that the converkiotor for inertial mass must also be equal to QRcSc
has a constant value for all observers (at the ggangtational potential), the conversion factor émergy E is deduced
from Einstein's E=nrfcrelation [1] to also have a value of Q. The vdhreangular momentum I=mvr can be determined on
the basis of the above conversion factors asT@e same result holds for Planck's constantrtesit has the unit of
angular momentum (Js). This conclusion allows amevdrify that the radiation law, Exhholds for all observers
independent of their state of motion sincearies as Q, the reciprocal of the value for time, while E iearas Q. The
corresponding factor for momentum p=mv is also @emby once again it is assumed that the speedme&sured
relative to the appropriate ORS in each case. Athéncase of energy, this conclusion allows onednclude that

momentum is conserved for all observers, not jussébmeone who is stationary at the point of args@lision.

Consistent application of the above rules showstti@conversion factor for force F i €ince it is the ratio of
energy to distance. The factor for acceleratioraa then be obtained in two different ways, namelyterms of the
definition a=dr/dt and also the F=ma relation of classical physitdth cases the result is*Qrhe same result holds for
the acceleration due to gravity g. Newton's Uniak@ravitational Constant G has units of fika® and therefore scales as
Q. The acceleration g is defined as GMar active mass M and radial distance r, whichimdeads to the value of the
conversion factor of @ Note that in this computation no distinction iade between inertial and gravitational mass, since
both have the unit of kg. This allows for a coreistchoice for the conversion factor for gravitatibpotential energy,
E=mgh, where m is the active mass in the calcuiatio this case E also is found to have a converiotor of Q. The

exponent of +1 is obtained as the sum of the cporeding three factors for m (+1), g (-1) and h (+1)
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The UTDL of eq. (14) also allows one to changeafibm one observer (O) to another (X). The Q vdareO
needs to be multiplied by(vo)/y(vx) to obtain the corresponding value for X, wheg@amd \ are their respective speeds
relative to the ORS

Thus far in the discussion it has been tacitly agiithat the ORS is the same for both the objetbaserver, as
is assumed in the UTDL. When that is not the clmsegxample if the object is in the gravitationgld of the moon while
the observer is located on the earth's surface niecessary to know the ratio of the unit of timéhe two ORSs. Since the
moon orbits around the earth, clocks at the mooerger of mass will run slower than those at thévViBty a factor of
v(vm), Where y; is the orbital speed. In that case the initialieadf Q for the observer computed as if the objert in the
same gravitational field must tmultiplied by y(vy) to obtain the desired conversion factor. If thes are reversed and
the object is near the earth while the observém the moon's gravitational field, the initial Qlva must be divided by

v(vm) because now the observer's rest frame has therstdocks.
New Lorentz Transformation

It is important to recall from the beginning ofgtsection that the entire kinetic scaling procedsireot consistent with the
STR assumption of symmetric time dilation. Thedatissumption is derived [1] from the Lorentz tfansation (LT) and
its condition of Lorentz invariance. In the padtysgicists [31] have explained the fact that experitralways finds that
clock rates are proportional, and therefore thaetdilation is asymmetric, by claiming that the IsTnot applicable in
situations where either the object or the obseivamder the influence of an unbalanced force. Thasm is simply a
euphemism to avoid admitting that the LT is contadl by experiment in all these cases. Moreoveret has never been
an experimental verification of symmetric time dda. Added to this is the experience with highegbelectrons at CERN
[32], in which it has been found that the degre@aafeleration has no effect on the timing resisextrapolation, this
means that reducing the amount of acceleratioeito ghould not have any effect as long as the spitng object relative
to the laboratory (or other ORS [26]) remains umgjea.

There is an alternative means of making relatigtynpatible with Newton's First Law, however, namtlyfind
another Lorentz-type transformation which is caesis with clock rate proportionality while still sfying both of

Einstein's relativity postulates. Such a transfdaiomaexists (referred to as the ALT or GPS-LT [33]), and is shown

below:
At = At/Q (15a)
AX’ = 1 (AX — VAL) (15b)
Ay’ =nAyhQ (15¢)
AZ' = nAzhQ, (15d)

with n=(1-vc? Ax/At) ™.

The condition of clock-rate proportionality is sdiigd by eq. (15a) for the elapsed timgsand At' of the two
observers. The ratio of clock rates Q expected fiewton's Law of Inertia is included explicitly this equation as well
as in the other three space relations. It is easgé that these equations are consistent withdhirsrelativistic velocity
transformation (RVT) by simply dividing each of thpatial variabledx’, Ay’ and Az’ by At'. It is therefore clear that the
GPS-LT satisfies the light-speed constancy pogtulBhe condition for satisfying the relativity peiple (RP) is that the

inverse of these equations is obtained by reversgiagsign of v and interchanging the primed andriamgd symbols in
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each case. It is seen from egs. (15c,d) that égjsires that'=y? [with n'=(1+vc? Ax/At)™  in accord with the definition
of n given above] and QQ'=1. The latter condition siripiplies that the conversion factors in the twoediions have a
reciprocal relationship, which is the normal sitoatin any kind of scaling procedure and is easdyjisfied using eq. (13),

namely with Q'=y(vg)/v(vo). The satisfaction of the other condition can bevpnwith the help of the RVT [33,34].

It must be emphasized that the GPS-LT, like thebkTore it, has been derived by assuming that beghframes

S and S' are inertial. The difference is that tHeSG&T makes the transition smoothly between timiegults obtained
when the observer and object are both moving fraelyne in which one or the other of them is sutidenbjected to a
slight force. In other words, there is no reasoexpect that the clock-rate proportionality assunmethe GPS-LT is not
retained when even a large force is applied. Bytrash textbooks espousing the symmetric time iditapredicted by the
LT must assume that some very strange things hagpen a similar transition occurs. Consider, foaraple, the case of
a rocket moving at speed close to c as it passeistbe earth withy(v) =1000. According to the LT, an observer on the
rocket should find that clocks on the earth runQl@ithes slower as his from his vantage point wherishmoving at
constant velocity. Yet, the situation should chadgematically when the rocket undergoes a slighékeation. Suddenly,
the clocks on earth will be found to run 1000 tirfeesterif Sherwin's conclusion [33] from the rotor expeeint [21-23] is
to be believed. It's fair to say that this stateafflirs is totally unrealistic, even by the stami$anormally applied in

discussing the wonders of relativity theory.

The GPS-LT of egs. (15a-d) does not satisfy thalitimm of Lorentz invariance. However, it is corieigt with a

similar relationship that is obtained by summing slquares of each of its four equations, namely:
e (X2+y?+22-tY) = (C+y + 7 - ), (16)

wheree=n/Qy ande'=n'/QY. In order to satisfy the RP, it is necessary thatl, and it has already been noted that
this is the case for the latter values soind¢’. The LT, on the other hand, also satisfies e) {dy choosing a
corresponding value afc'=1. This choice is obviously also consistent witheg'=1 condition for satisfying the RP, but

in addition, eq. (16) becomes the condition of Inbzanvariance with it:
XZ+y?+z?-ti=xX+y+7-0 : 17)

It needs to be recognized that symmetric time iditais a direct consequence of eq. (17), whichjissussed at
length in Sect. I, has never been observed expatiaily and is in fact contradicted by the highexpeotor experiments
[21-23] and the Hafele-Keating study with circumigating clocks [24, 25]. Lorentz invariance rulest @lock-rate
proportionality, and therefore ialso inconsistent with Newton's Law of Inertitn the past, as already mentioned,
physicists have simply explained away the failufeahe LT to correctly predict the asymmetry of tird#ation in the
above experiments by claiming [31] that the condii for satisfying it, namely that both participgtirest frames are
inertial systems, are not satisfied in either cagere is no need for sueld hocafter-the-fact argumentation in the case of
the GPS-LT. It predicts, or rather more accuratpbstulates, that clock-rate proportionality wié bbserved even when
the rest frames are both strictly inertial. Whas hat been recognized previously by the physicsneonity as a whole is
that the GPS-LT also satisfies Einstein's two dasts of relativity, but avoids the Lorentz invaria condition of eq. (17)

by replacing it with eq. (16).
Description of Objects in Free Fall in Terms of Comersion Factors

Thus far in the discussion, the conversion factoramotion (Q) and gravity (S) between the varieuéts employed by
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different observers have been considered separdietyquestion therefore arises as how to deal sifttations in which
the object of the measurement is located at ardiffegravitational potential than that of the obseras well as being in
relative motion to him. By analogy to the conventibuse of conversion factors, it seems reasorthlieone should
simply multiply the individual values for a givemgperty to obtain the overall factor. This procedbhas been followed
for the three fundamental quantities of distanoertial mass and time below (the correspondingsunithe mks system

are listed in parentheses in each case):
Distance (m) Q
Inertial mass (kg) Q%
Time (s) QS.

The corresponding combined conversion factors theroproperties can then be easily obtained orb#tsés of

their composition in terms of the above three prigge Some key examples are listed below:
Energy (kgms?, J) QS
Frequency (9 Q'S
Velocity, ¢ (ms") S
Momentum (kgms) Q
Angular Momentum, h (Js)Q
Acceleration, g (m§ Q'S
Force (kgmg, N) S

The first thing to notice is that these factors emasistent with numerous physical laws, includihgse from
quantum mechanics [9, 10]. For example, the\Eraldiation law scales as QS on the left-hand sikas (3)(SQY)=QS
on the right-hand side. Thus the law holds for aglgtionship between the observer and the lightcgyuas already
discussed in Sect. Ill. The E=pc relation againesxcas QS on the left for energy, while on the trigine has Q for
momentum p and S for the speed of light c. Thecbhaguation for gravitational energy, E=mgh, alstdbowith the
product m(QS)g(Q*S?)h(Q) again giving the conversion factor for eneEyThe mass-energy equivalence relation has
QS* for mass and Kor ¢ The formula for the phase velocity of light=c, also holds with frequencyscaling as SO

and wavelength as Q, giving a result of S for tgktispeed conversion factor.

It is interesting to compare the results using toaversion factors with those expected from Eimei
equivalence principle [2]. The conventional viewthst an upward acceleration of -g in an elevatoa gravitational free
region of space is exactly equivalent to the efééajravity on a given object. The EP was used imgt€in to derive eqs.
(2-3), for example, as discussed in Sect. Il. kasy to see that the equivalence is not perfegteher. For example, the
speed of light does not change when the sourcecislerated, in accordance with the light-speed teoey postulate of
STR. However, it scales as S in the presence ofasitgtional field. It is therefore possible to tiliguish between

kinematic acceleration and gravity on this basis.

The application of the EP for the transverse Dapetfect [21-23] also can be criticized on the basithe above

conversion factors. The argument is made by thewsirauthors that the blue shift observed on theéshaf the empirical
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formula of eq. (7) when the x-ray absorber is attiim of the rotor arises because the absorbdradaver gravitational
potential in this experimental arrangement. Thisuagtion is in agreement with the gravitationalamsion factor for
frequency (S) sincA®>0 and S>1 in this case. Yet, the same argumeridmihat the total energy of the light source is
also greater when it is located near the rotor.aMigs conclusion is not correct since the kinetiergy of the source is
clearly lower from the vantage point of the absorsiace the former is moving at a lower speed.dality, the entire
experiment is carried out at the fixed gravitatignatential of the laboratory, so only the Q cormien factor is relevant in
the above determinations. Since Q<1 from the vanfaint of the absorber [see eq. (13), wiftbeing the speed of the
light source and ybeing that of the absorber], one arrives at thieecb conclusion by simply noting that frequencsles
as Q' while energy scales as Q. The gravitational séad¢or is S=1in this case and thus gravity has nftuénce
whatsoever on the observed results. The exponef@t isf different for energy and frequency, wherdw for S is the
same, hence the blue shift and the lower energlyeolight source relative to the absorber causetthégxclusively kinetic

scaling.

One needs both types of conversion factors to tesen object in free fall. The process is goverbgdhe
conservation of energy principle. Both scale fextohange as the object falls. Let us assume tleablfect starts at
location X with speedwrelative to its ORS (the ECM) and ends up withespg, at the lower gravitational potential at
location Y. The gravitational scale factor hasmitial value of S, but is reduced by a factokaf Ay/Ax >1 (since y<ry)
when the free fall is completed [see egs. (5, 6)dffinitions]. Therefore, the final value of theate factor is &. The
energy of the object scales as QS, however, argltthal conversion factor must remain constant bseaof the
conservation principle. Consequently, the kinetials factor must increase from its initial value@fwhen the object is
located at X to the larger value ©® when it reaches Y. Therefore, the following gahequation applies based on the
definition of Q in eq. (13):

K = y(W) v(vx)=Ay/Ax. 17)

This relation is independent of the observer'sstdimotion because the initial value of Q accaydmeq. (13) is
v(v)! v(vo), where yis the speed of a given observer relative to th&QOadd the final value i8Q= y(vy)/ y(vo). Note
that eq. (17) determines the value offer any given initial value y of the object's speed when it is located at Xhéf
object drops by only a small distance h+y, according to eq. (13) with active mass M,

K = 1+GMr, c% GMry 'c?= 1+GMc(rery) Y(rx-ry) = 1 + ghé?. (18)

At the same time, using the definition of the kioetale factor Q,

K =y(W)/ 7(Vx)= 1 + 0.5¢ (W2-vy?). (19)

Equating these two values othen gives the familiar result from classical gtaion theory:

V\(2= V)(2 +2gh (20)

In a numerical relativistic calculation of the drbf Mercury [19], it proved possible to use eqr)(1o compute
the final value of the Afactor at the end of each computational cycle fthminitial and final values of the speed of the
planet relative to the sun in combination with ttdue of the factor at the beginning of the cydlke result obtained for
the precession of the perihelion of Mercury andeptplanets is of the same level of accuracy obthimiginally by
Einstein based on the general theory of relatijdly thereby verifying the relation in eq. (17) a®ll as the use of

conversion factors of both kinds to describe théioncof objects in free fall.
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CONCLUSIONS

Experiment has shown that the physical propertfesbgects vary with both their state of motion ahéir position in a
gravitational field. This fact was concealed by thet that local observers do not notice these ghamecause they occur
uniformly for all objects that are stationary ingaven rest frame and gravitational potential. Thare no absolutes.
Everything is relative. Einstein used his EquivakeRrinciple (EP) to predict that the frequencieslacks would increase
by a definite factor when they are raised to a éigiotential. A useful way to think about this @ion of properties is to
assume that there is a different set of physicasunperative in each rest frame. Measured valiresalways expressed in
terms of the local set of units, so the reasorotiserver at a lower potential measures a higherevad frequency than his
colleague is simply because his unit of frequerscyoiver. An important principle of measurementeétevant in this
discussion, namely that the numerical value ofaperty is inversely proportional to the unit in whiit is expressed. In
order to make sense out of the measured resuttffefent observers, it is necessary to know tHeesof the conversion
factors between their units for each property,sfme as if one needs to adjust the value of andisttom meters to feet
or a weight from pounds to kilograms in our evegydsperience. It is also necessary to know thatvhieies of
conversion factors in one direction (feet to mdtare simply the reciprocals of the respective @slin the other direction

(meters to feet).

It is therefore important to be able to computevhieies of the conversion factors for differentgedies between
rest frames. It is shown in the present work thig oal can be accomplished by first determinimg ¥alues of two
guantities, referred to as S and Q above. In tis¢ dase, one needs to know the respective positbthe observer and
object in the gravitational field in which they dozated. The Aquantities defined in eq. (5) can be determinedhis
basis for both rest frames and their ratio in &).i¢ found to be the key factor S. The reverseofais simply the
reciprocal of the latter ratio. The analysis ofioas experiments shows that the actual conversiotofs for the various
physical properties are always integral powers ah® the corresponding exponents can be easilyndieted on the basis

of the composition of each property in terms offinedamental units of time, distance and inertiabm

The analogous factor for kinetic motion (Q) can & be determined on the basis of information albogit
speeds of the observer and object relative to eifspeest frame referred to as the ORS [29]. Thsikd result is given in
eg. (13) as a ratio of factors. The actual conversion factors for a gipeoperty are always integral powers of the
fundamental quantity Q, and the pertinent exponeatsagain be determined exclusively on the basiseocomposition
of the property in terms of the fundamental urfitsst the motion of aircraft moving in the gravitatad field of the earth,
the ECM plays the role of the ORS, whereas in othses, it can be the axis of a rotor of the rashé in which a force is
applied to the object.

The underlying principle behind the use of systerfshysical units and their conversion factorshis tbjectivity
of the measurement process. Observers always seeathe events and this makes it possible to bendamental
agreement with their respective measured resutiis. dondition is not satisfied by Einstein's STRj&cause it holds that
measurement is a matter of the perspective of biserger. It is subjective, not objective. Einsteitlieory is based on a
symmetry principle which holds that two clocks iiffetent inertial systems can be running slowemtkeach other at the
same time (symmetric time dilation). This conclusie based on the Lorentz transformation (LT) andt® condition of
Lorentz invariance shown in eq. (17). Experimestatiies of the transverse Doppler effect [21-23] with atomic clocks

carried onboard circumnavigating aircraft [24, B&je contradicted this prediction of STR by showiog only that time
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dilation is asymmetric, but the rates of clocks strictly proportional to one another. It is po$sio express all of the
experimental results in terms of a single relatigmsthe Universal Time-Dilation Law of eq. (14)cdordingly, it is

always possible in principle to say which of twoalts is running slower at a given time, or whicktaince is longer or
which mass is greater. Clock-rate proportionaldy ihertial clocks is also expected from NewtonistH.aw since they

should all run at constant rates in the absenemyiunbalanced external forces.

The conventional view of physicists [31] has beerlaim that such experimental data only show thatlLT is
inapplicable in these cases because either thetobfehe measurement or the observer is not ifiormi translation.
However, there is another possibility of bringirgativity theory into agreement with experimentmady to derive a
different space-time transformation that not oslgdnsistent with Einstein's two postulates oftiéts and the relativistic
space-time transformation (RVT), but also assumasthe measurements of elapsed time by the tweredris are strictly
proportional to one anotheAt'=At/Q. The resulting transformation is shown in gd%a-d) and is referred to as the GPS-
LT. Unlike the LT, it is consistent with asymmetriicne dilation and clock-rate proportionality artketefore fits in

perfectly with the concept of physical units andwersion factors discussed above.

Kinetic and gravitational scaling has proven toduite important in the operation of the Global Eoging
System (GPS). The rates of atomic clocks to beayepl on satellites are pre-corrected [35] priokatinch so that they
will be equal to those of clocks located on theteéaisurface. This procedure assumes that the £hikhave a constant
rate once they reach orbiting speed, which iststrienly true for perfectly circular orbits. In diar work [13, 36], a
method has been described which improves on thisoaph, at least in principle. The basic idea iadfust the rates of
the clocks continuously based on knowledge of tepgeds and positions relative to the ECM. At eacle step, the
above data can be used to compute instantanealyade values of the Q and S factors, which can tie used to make
a numerical correction to the time read on thellgatelock. More generally, it is stimulating tsmagine that the Q and S
factors can be computed with a rather small amotimformation for objects located at any pointtiie universe. They
can then be used to convert the results of all iphlyproperties measured locally to the correspogndialues in the

prevailing system of units on the earth's surfacat @ome other point in space where such resudteeguired.

The computation and application of the Q and S eosiun factors stands in some sense in competititnthe
General Theory of Relativity [4]. Schiff [18] shod/¢hat the "the full structure" of Einstein's theads not required to
guantitatively describe the displacement of stanges during solar eclipses, and also that the giredi of the
gravitational red shift can be obtained with sinnpteeans as well. In the meantime, it has been shd9jrthat the other of
the three "crucial tests" of gravitational thedahge precession of the perihelion of Mercury, caaodle described with the

same accuracy using scaling techniques analogahsse of Schiff.

A more critical question arises because of theticglahip between Einstein's Special and GenerahtRél/
(GTR). The fact that the LT of STR is contradictydthe observation of asymmetric time dilationhe Hay et al. [21-23]
and Hafele-Keating [24-25] studies needs to beidensd as a possible violation of GTR as well. Mwer, what is the
relationship between GTR and the GPS-LT, which dagse with the above experiments regarding thersmmy of time
dilation. At the same time, it is well to recallethest of GTR proposed by Schiff [37, 38]. Accogdito Newton's
gravitational theory, the precession of the ratehef component of the spin in the plane of a stg@&llorbit should be
expected to have a positive sense. Schiff's calonld38] using GTR indicates on the other hand tifie precession

frequency should be three times larger than theabalue, and most interestingly, have the oppastese. Gravitational
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scaling shows only that the value of the frequesttyuld change by a factor of

S >0 with the satellite's altitude and would therefalways have a positive sense. Schiff's propespdriment

thus provides a means of differentiating betweerRGhd gravitational scaling and thus deciding iheéinitive manner

which one is in better agreement with experiment.
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