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ABSTRACT

Previously, based on the law of energy conservation, embodying the mass & energy equivalence of the Special Theory of Relativity (STR), thus inducing the rest mass decrease of a bound object, as much as the static binding energy coming into play, the first author developed a theory valid both for the atomic and celestial worlds, and yielding totally similar quantum mechanical deployments for both worlds. The application of the idea, however, to a rotating disc, which is Einstein's gedanken experiment, on which The Grand Master based his General Theory of Relativity (GTR), brings up two distinct effects: 1) Already, as observed by an observer located at the center of the disc and rotating with the same angular velocity as that of the disc, the clock placed at the edge, must, still owing to the law of relativistic law of energy conservation, embodying the mass & energy equivalence of the STR, experience, a rest mass decrease in the centrifugal force field, which in return, leads to a time dilation. 2) The clock according to an outside observer, further dilates by the usual Lorentz coefficient. The first effect is though as important as the second one. Einstein took into account the second one, but not the first one (as he specifies his thoughts about the problem, in the footnote of page 60 of his book, The Meaning of Relativity). The overall result is that, the time dilation an object placed at the edge of a rotating disc, would display, should be about twice as that predicted by Einstein. The law of conservation of angular momentum, constitutes a cross check of our finding. The recent measurements back us up firmly. At the same time and devilishly, the inexact analogy Einstein did set between the effect of rotational acceleration, and the effect of gravitation, leads to results which are the same as ours, up to a third order Taylor Expansion, thus well beyond any precision can intercept, with regards to actual gravitational measurements. The remedy of the mistake in question, leaves the GTR unfortunately, needless.  
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1. INTRODUCTION

This article is developed mostly on the paper the authors had presented to the latest PIRT (Physical Interpretation of the Relativity Theory), held in July 2009, in Moscow.
 Thus, Einstein, based the General Theory of Relativity (GTR), on his Principle of Equivalence (PE), concerning the sameness of the effect an object, is subject to, when embarked in an accelerational motion, and the effect the object is subject to, when embedded in a gravitational field bearing the same intensity as that of the acceleration of concern.
This is a monumental idea, but unfortunately seems to be incorrect, the way, it had been established by the Grand Master.
,
   
Below (i.e. Part I), first we summarize, what we achieved, both theoretically and experimentally, along this line, in our early work. 
Then (in Part II), we derive the de Broglie relationship, but via the harvest of a superluminal speed, which suggests a new type of interaction, and this without any energy exchange. We call it, “wavelike interaction”. 
2.   THE GEDANKEN EPERIMENT SKETCHED IN THE BOOK BY EINSTEIN, THE MEANING OF RELATIVITY, REVISITED: THE ANALOGY MAKING UP THE PRINCIPLE OF EQUIVALENCE IS NON-CONFORM

Einstein summarized a life time work in his book The Meaning of Relativity, that made its fifth edition, as it appears, right before his death.
 On page 60, he considers a gedanken experiment, consisting of a rotating disc of radius, say R. He places himself outside of the disc, and proposes to measure how a rod and a clock placed around the edge of the rotating disc, will be affected by the rotational motion (cf. Figure 1). He reasons briefly, as follows. The rod, lied down, along the direction of motion, will experience a Lorentz contraction due to the motion, merely governed by the displacement. The clock, similarly, will exhibit a time dilation. No other effect, due directly to the acceleration will affect the object (which we will call m), and we will come back to this claim, soon. The rotation, normally creates an acceleration. And, the effect of acceleration, as Einstein resumed, can be reduced to the mere effect of the magnitude V, of the instantaneous velocity vector V, with which the object at the edge moves. This magnitude, is the same, for all times, if the rotation is a regular, circular motion, taking place with a constant angular velocity 
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, and the clock to retard by the inverse of this coefficient, as compared to their twins placed, in a location free of any field; c is the velocity of light in empty space. If we embedded the object in a gravitational field of accelerational intensity the same as that delineated by the rotating disc of concern, i.e. V2/R; then, the clock would retard just as much, when compared to its twin located in a location, free of gravitation (cf. Figure1). We had previously worked out that, the analogy established by the Grand Master is unfortunately, unwell born.1,2 For one thing, as Table 1, shows, it is non-conform. Let us explain.
Table 1 Conform Correspondences in Between the Gravitation World and the Disc World 
	
	Gravitation

World 
	Disc World



	“Edge” of the world of concern
	OGrav
(center of the gravitational source)

	EDisc

(edge of the disc)

	“Effect free” location
	infinity
	ODisc
(center of the disc) 


For the purpose in question, we visualize the closed disc, and we name it the “disc world”. Its effectless location is the center of the disc. We thus consider an observer situated at this location and rotating with the same angular velocity as that of the disc, who observes the rotating object m, placed at the edge of the disc.


[image: image3]
Figure 1 Einstein’s Disc World and Gravitational World
They are thus at rest with respect to each other. In fact, the reason we propose to work this way, particularly, in a closed disc world, is to be able to establish a conform analogy between the disc world and the gravitational world. For one thing, in both worlds the relativistic energy must be conserved, and this is our fundamental basis. In such a closed disc world, there is no outside of the disc world. This world is made of just the closed disc. This is to be compared with the gravitational world (cf. Figure1), which also is closed; in other words, there is no outside to it, i.e. nothing can be defined in the gravitational world beyond the center, of the gravitating mass M , creating the gravitational world, and there is nothing beyond infinity, in this world. 
Thus, the Grand Master, should not have proposed to observe things from the outside of the disc world. One could of course make an observation as situated in the outside, but then he could not establish a conform analogy with the gravitational world. Table 1, indeed compares the two pairs of similar locations of the disc world and the gravitational world. The edge EDisc of the disc world where the object in rotation is affected at most, by the rotation, should correspond to the center of the gravitating mass M , creating the gravitational world. In the case of the rotating disc, one will have to furnish to the object m, the maximum energy in order to carry it, quasistatically from the edge of the disc to the center ODisc, free of acceleration, as compared to any amount of energy one should have to furnish to it, in order to carry it (still for simplicity, quasistatically) from any other location of the disc (other than the edge of the disc), to the center ODisc of the disc world. The same holds, for the gravitational world. We have to furnish to the object m, the maximum amount of energy to carry it, from the center OGrav of the mass M , to  infinity; in other words, if m were located in any other place, in the gravitational world, we should have to furnish to it, a lesser amount of energy to remove it form that location to infinity. Thus, accordingly, the effectless location in the closed disc world, is the center of the disc, and not the outside. And, the effectless location in the gravitation world is infinity. In order to make things clear we would like to state our basic ideas, as a set of assertions.

Assertion 1: In order to establish a one to one analogy between the effect of acceleration and the effect of gravitation, a closed disc world should be visualized, given that the gravitation world is itself, a closed world. 

Assertion 2: The rotating object at the edge of the closed disc world, accordingly, should be tracked by an observer situated at the center of the disc, rotating with the same angular velocity, thus, at rest with respect to the rotating object. 

Assertion 3: The analogous of the edge of the disc world, is the center of the gravitating mass M , creating the gravitation world.  There cannot be anything, in the gravitation world, beyond the center of gravitating mass M . Thus, to establish a conform analogy between the disc world, and the gravitation world, there should not be anything beyond the edge of the disc. Accordingly, one should not situate himself outside of the disc, but is to observe the rotating object, from the center, while rotating with the same angular velocity as that of the rotating disc. In a conform analogy, between rotating disc and gravitation, there is indeed no room for the outside of the disc world.

Assertion 4: In both the disc world and the gravitational world, energy, must be conserved, were the object, moved quasistatically, from a given location of the field, to another given location of it.  

Unfortunately, the Grand Master, positioning himself outside of the disc, to establish an analogy between the disc world and the gravitation world, has imprisoned himself to a non-conform analogy. Again, one could of course propose to observe things from the outside, but this is not what we have to do, to establish a conform analogy between the disc world and the gravitation world, since there is no counterpart of the disc, outside in the gravitation world, for one thing, there is no outside of the closed disc world. 
Thence, the basis on which the Principle of Equivalence (PE) lies, already constitutes a non-conform analogy. We had shown that,2 once the mistake in question is corrected, then the issuing conventional PE is unfortunately left obsolete. Let us state these findings as our next assertions.
Assertion 5: The basis on which the Principle of Equivalence (PE) of the General Theory of Relativity (GTR), originally lies, constitutes a non-conform analogy.
Assertion 6: Once the classical, but non-conform analogy, between acceleration and gravitation is straightened, then, there is no need for any analogy. The law of relativistic energy conservation, takes care of everything needed.

And, this is, what we will dig in, next.   
3.  CLOSER LOOK AT THE GRAND MATER’S ASSUMPTION REGARDING THE ASSESSMENT OF THE ACCELERATION IN TERMS OF JUST VELOCITIES, i.e. THE FOOTNOTE ON PAGE 60, OF THE MEANING OF RELATIVITY: THIS, REGRETTABLY, CONSTITUTES A VIOLATION OF ENERGY CONSERVATION 
More essentially now, we have to take a closer look at the Grand Mater’s assumption regarding the assessment of the acceleration in terms of just velocities. 
Thus, consider the footnote, Einstein made on page 60 (cf. Figure 2) of his book, The Meaning of Relativity.3 

As can be seen (cf. Figure 2), the footnote on the bottom of this page reads as:
- These considerations assume that the behavior of rods and clocks depends only upon velocities, and not upon accelerations… 

Thus Einstein, has given a thought to, but unfortunately, did not consider, the influence of acceleration as such, but instead reduced the effect of acceleration to the mere effect of the instantaneous velocity picked up at the given time, and treated that effect, as a tangential displacement effect (leading to a Lorentz time dilation for periods of time, and Lorentz contraction for lengths, though, only lied along the direction of motion), and finally has drawn his analogy between the effect of acceleration and the effect of gravitation, to come out with a new theory of gravitation. In other words, according to Einstein, someone positioned at the center of the disc, looking at the object m located at the edge of the disc, and rotating with the same angular velocity 
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 as that of the disc, would not observe any change on m, due to the acceleration, m, is subject to. This important occurrence should better be stated as our next assumption.
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rods.  With respect to & all the rods upon the periphery
experience the Lorentz contraction, but the rods upon the
diameter do not expericnce this contraction (along their
lengths!).* It therefore follows that
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It therefore follows that the laws of configuration of
rigid bodies with respect to K" do not agree with the
laws of configuration of rigid bodies that are in accord-
ance with Euclidean geometry. I, further, we place two
similar clocks (rotating with K), one upon the periphery,
and the other at the centre of the circle, then, judged
from K, the clock on the periphery will go slower than
the clock at the centre. The same thing must take place,
judged from &', if we do not define time with respect to X'
in a wholly unnatural way, (that is, in such a way that
the laws with respect to K’ depend explicitly upon the
time). Space and time, therefore, cannot be defined
with respect to K’ as they were in the special theory of
relativity with respect to inertial systems. But, accord-
ing to the principle of cquivalence, K’ may also be con-
sidered as a system at rest, with respect to which there
is a gravitational field (feld of centrifugal force, and

*Thise considerations assume that the behavior of rods and clocks

depends only upon velocities, and net upon accelerations, or, at least, that
the infiuence of acceleration does not counteract that of velocity.

[60]




Figure 2 The page 60 of The Meaning of Relativity, by Albert Einstein3 
Assertion 7: According to Einstein, in his rotating disc considered to set an analogy between acceleration and gravitation, someone positioned at the center of the disc, and looking at the object m, located at the edge of the disc, while rotating with the same angular velocity 
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 as that of the disc, would not observe any change on m, due to straight acceleration, m is subject to. Indeed, according to Einstein, m is affected by velocities only, and not by a sole accelerational field, and m, in the case we visualize, though embedded in a centrifugal force field, is at strict rest (i.e. it is not moving with any velocity), with regards to the observer situated at the center of the disc, who moves with the same angular velocity as that of the disc.  
The continuation of Einstein’s footnote statement, i.e. “or, at least that, the influence of acceleration does not counteract that of velocity”, is just a cautionary, but ultimately, a dummy statement. He never considered it, in any way.
To us, Einstein’s consideration summarized in Assertion 7, with regards to the effect of accelerations, is unfortunately not correct. More precisely, acceleration, all by itself, is not effectless. Quite on the contrary, it terribly matters.
What the Grand Master appears not to have considered, is the binding effect of the object to the force field, no matter, what field specifically, it would be question of. Let us consider the disc world. There too, just like in any other field, one indeed has to furnish to the object m, a given amount of energy in order to free it, from the accelerational field, and carry it to the acceleration free location ODisc, of the disc world. 
But then, the law of conservation of energy embodying the mass & energy equivalence of the STR, makes it so that, when bound, the rest mass of the object must have decreased as much as the binding energy coming into play. 

The rest mass, or better the rest relativistic energy of a given object, in effect, cannot be a universal property of this object. The rest relativistic energy, is the internal energy of the object. It would become the energy of an electromagnetic radiation, were the object annihilated as a whole. The rest mass of the object bound to a field, owing to the law of relativistic energy conservation, thus embodying the equivalence of the mass & energy equivalence of the STR, must get decreased, as much as the binding energy coming into play. This energy, by definition, is the energy one must furnish to the object, to get it, off the field. Then, the internal energy of the object of concern would have increased, just as much. Thence, the rest mass must depend on the properties of the field, the object is embedded in, and this, as much as the binding energy coming into play. 
Not to act so, constitutes a violation of the law of energy conservation. We assume, evidently that, the object preserves its identity in the field, it interacts with.
The Grand Master, not having considered the sole effect of the force field, along with the relativistic law of energy conservation, seems to have blocked things, severely. We have to state the heart of this behavior, as our next assertion.
Assertion 8:   The neglect of the Grand Master of the straight effect of the acceleration, more generally the “effect of the centrifugal field, as it is”, on the object at rest, constitutes a violation of the relativistic law of energy conservation.

If instead, observing the rotating object, from the center of the rotating disc, being at rest with respect to the object, one proposes that the effect the object will undergo, could be assessed by an outside observer, as merely contraction of the object along the direction of rotation as much as 
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, and dilation of the period of time it delineates by the inverse of this latter coefficient; one comes to the results derived in References 2 and 3, and presented, with the familiar notation, in Table 2; note that, here, v is the instantaneous rotational velocity of the object, were it located at r, as observed from the outside.
Table 2 Disc World, Versus Outsider’s World [Reference 3]
	
	Mass


	Unit length
	Period of time

	As seen from the center of the disc 
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	As classi-cally seen from the outside 
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Thus we observe that, in the two approaches in question, mass and unit length are affected in totally different ways. Only the periods of time, are affected practically in the same way, and this diabolically, up to a third order Taylor expansion. Einstein’s considerations of GTR, lied on length contraction and period of time stretching (as observed, non-conformally from the outside of the disc - see the last raw of Table 2), instead of both length and period of time stretchings (as observed well conformally, by an observer rotating with the same angular velocity, as that of the disc, and situated at the center of the disc - see the second raw of Table 2). In other words, Einstein has picked up an “invalid space-time kernel”, in building the GTR. We deduced unfortunately that the PE the way it is set originally, is inexact. And the reason is that the analogy it is based on, is non-conform. We announce it, as our next assertion.

Assertion 9:   The Principle of Equivalence, the way it is set originally, is inexact. And the  reason is that, the analogy it is based on, is non-conform.
We should be bold and state it, in the more fundamental following ways. 
Assertion 10: The Principle of Equivalence, the way it is set originally, constitutes a violation of the relativistic law of energy conservation.
Assertion 11: The remedy of the Classical Principle of Equivalence, leaves the issuing GTR needless. The law of relativistic energy conservation takes care of all.  
The first author has indeed derived the gravitational equation of motion
,
 through just the relativistic law of energy conservation and quantum mechanics; this latter discipline also lies on the relativistic law of energy conservation. In this approach, the relativistic rest energy, in effect, must be altered by the force field.  Note that, as we will soon see, the de Broglie relationship, i.e. the other pillar of quantum mechanics, next to the relativistic law of energy conservation, can also be derived, from this fundamental law. 
As a brief summon up, consider the gravitation world sketched in Figure 1. When, the object bearing the rest mass m(r), at the altitude r, from the center of the gravitating body M , is elevated quasistatically, as much as dr, it must, owing to the relativistic law of energy conservation,  pile up the energy delivered to it, as extra relativistic rest mass:
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Thus, via integration, one obtains.
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    (2)
This means that the total rest relativistic energy of the object 
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 at r, is decreased as referred to its value 
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, at infinity. Thus, light coming from it, would be weakened just as much. This is nothing else, but (in, exactly two steps), the gravitational red shift.  Note furthermore, that here, the 1/r2 dependency of Newton Force, is directly derived from within the STR,4,5 and is not really an assumption, blindly taken from Newtonian gravitation.
 Note further that Einsteinian red shift, thence due to curvature of space, or briefly geometry, is given by:
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                (3)
The two, are devilishly, the same up to a third order Taylor expansion!.. In any case our derivation is incomparably simpler.

4. EXPERIMENTAL RESULTS
Only experiments could have made manifest, which approach, the GTR or ours, is closer to the reality. There seemed yet no way, to check the small discrepancy, out there, in space. The resolution of instruments fell too short. But one could still do something, on the basis of Einstein gedanken rotating disc (Reference 3). Thus as assessed by the observer situated at ODisc, and at rest with respect to the rotating object, the rest mass f the object must get decreased as much as the binding energy displayed by the object vis-a-vis the centrifugal force field.
We call B(r), the binding energy, the object develops, in the centrifugal field, in fact again, any field, the object interacts with. It is the energy one has to furnish to the object in order to remove it from the field. Thus (cf. Table 2, Row 2, Column 2, also Appendix A) 

[image: image19.wmf]ú

û

ù

ê

ë

é

÷

÷

ø

ö

ç

ç

è

æ

v

-

-

=

-

=

2

2

2

2

00

2

2

00

c

2

R

1

c

m

c

R

m

c

m

R

B

exp

)

(

)

(

 . 


    (4)
Thus, within our approach, already in the disc world, the rest mass (or better, the rest relativistic energy), must decrease due to binding to the centrifugal field, with respect to an observer situated at the center of the disc, but at rest with respect to the rotating object at the edge (this latter statement aiming to say that both the observer and the object at the edge have the same angular velocity). We expect accordingly, via quantum mechanics, a slowing down of the internal mechanism of the object.1,2 
On the other hand, as seen from the outside we have
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    (5)
Thence, we expect a further slowing down, this time, due to the effect of the displacement. [It is of course interesting that the overall relativistic mass of the object remains the same. In Appendix A we will see further that the final outcome of Eq.(5) is not approximate, but well rigorous.]
Anyway, Einstein considered the Lorentz effect, but not the one, specifically due, to the centrifugal acceleration, considered at rest, straight. 
In our approach, the overall slowing down is governed by1,2
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where T0 is the period of time displayed by the object at rest, free of any field, and T the slown period of time.
The prediction made by Einstein, for a rotating clock, yet amounts, as usual to3 
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                (7)
We state these results as our next assertion
Assertion 12: According to the present approach, a clock mounted at the edge of a rotating disc must retard due to two phenomena. 
1)   Already, as observed by an observer located at the center of the disc and rotating with the same angular velocity as that of the disc, the object at the edge, and at rest with regards to the observer of concern, must, owing to the relativistic law of energy conservation embodying the mass & energy equivalence of the STR, experience a rest mass decrease in the centrifugal force field; this yields a time dilation practically as much as 
[image: image23.wmf][

]

)

/(

)

/(

exp

2

2

2

2

2

2

c

2

R

1

c

2

R

v

+

@

v

; this is nothing but a centrifugal red shift, analogous to the gravitational red shift [cf. Eq.(6)]. 
2)   The clock according to an outside observer, further dilates by the usual Lorentz coefficient, i.e. practically as much as 
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[cf. Eq.(6)].
The two effects, altogether, amount to a time dilation as much as 
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, making that the shift ratio is twice as the classically expected one. 
Einstein has considered the second effect, but neglected the first one.
In Appendix A, we bring a second order correction to the results presented in Table 2, thus as well, to the Right Hand Sides of Eqs. (4) – (5), based on the law of angular momentum conservation that should be taken into account as one moves the object from the center of the disc to the edge or vice versa.  

In any case, we figured out that Einstein’s gedanken experiment (cf. Figure 1), was realized in 1963, by Kündig. He proposed to measure the retardation of a nuclear clock mounted to the edge of the rotating disc, through the measurement of the transverse Doppler shift. Kündig reported that, he was successful to measure, Einstein’s original prediction3 within an experimental error of about 1%.
 But as soon as we located Kündig’s work (in 2007), it did not take us long to find out that, in the processing of his data, there was unfortunately, an error of at least 20%. 
Our finding was published in 2008.
 Afterwards we prepared our own experiment. The results were harvested in late November 2008, and just recently published.
 

An essential set of results is shown in Figure 3. In the abscissa of this figure we have the number of rotations per second (r/s) of the disc, and in the ordinate, we have the count rates. Thus a Co57 gamma source is mounted at the center of the rotating disc. The absorber made of Fe57 is placed at the edge of the disc. A fixed gamma counter situated outside, registers along the raw (made of emitter - absorber - counter), the gammas unabsorbed by the absorber.  For the case at hand, the classical relativity theory predicts a resonant absorption valley at v=126.5 r/s, whereas we predict that resonance to occur at v=90 r/s. Interestingly enough, we have, 
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fully endorsing our prediction [cf. Eq.(6)], versus the classical prediction [cf. Eq(7)]. The peculiarities of the experiment can be found in Reference 11. 
Due to small imperfections in balancing the rotating disk, the disk inevitably vibrates. Thus, it may be true that vibrational effects, may alter the measurement results, and ultimately push the resonant valley much farther away from the classical prediction. But at the same time, it must be recalled that the overall results clearly put at stake the basis of the Principle of Equivalence of the GTR, the way it had been originally established, thus the GTR. That is, indeed the footnote on the bottom of page 60 of the book, The Meaning of Relativity by Einstein (Reference 3), seems to be badly erroneous. 

At any rate, as we will detail soon, the rotating object remains in a bound state, and the dilation of the period of time displayed by its internal dynamics is properly governed by our Eq.(7), and not by the classical relativistic prediction [cf. Eq.(6)]. 
This resumes Part I. We will draw a general conclusion at the end of Part II.
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Figure 3 Experimental Results, Checking the Present Prediction 

                    

          Versus that of Classical Theory of Relativity
APPENDIX  A

CORRECTION TO BE INTRODUCED DUE TO THE 
ANGULAR MOMENTUM CONSERVATION: 

AN ANSWER TO THE QUESTION “WHAT IS INERTIA?”
Note that, if we started up, the disc with the object of original rest mass 
[image: image28.wmf]00
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 , situated at the edge of it, instead of moving the object from the center of the originally spinning disc to its edge, then the decreased rest mass or the related binding energy [cf. Eq.(4)] should be calculated as shown below.

Binding Energy of the Object Fixed At the Edge of the Disc, First at Rest Together 
With the Disc, and Brought to a Rotational Motion Along With the Disc

Let the rest mass of the object, located at the edge of the disc, be 
[image: image29.wmf])
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, as the disc attained the angular velocity 
[image: image30.wmf]v

. This mass, according to our approach, is not anymore the same as 
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, the object possessed, at the beginning. The more the object feels the centrifugal force, the more it is pushed outward, and the more it is bound to the accelerational field that comes into play. Its internal dynamics is consequently affected, as much. Its internal energy, is weakened, leading to a decrease of rest energy, thus decrease of rest mass. 

We have stated in the text (cf. Table 2), this occurrence regarding an object moved from the center of a rotating body to the edge of it (for details, cf. particularly, References 2 and 3). 

Similarly, for the present problem we propose, to write the rest mass 
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of the object spinning with the angular velocity 
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, as
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            (A-1)
(Rest energy of the object as observed by the 

  observer at rest with respect to the object)

where 
[image: image35.wmf])
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, is the binding energy the object develops vis-à-vis the centrifugal field; in other terms it is the energy that one has to spent, to bring the object situated at the edge of the rotor, to the rotational motion of  angular velocity 
[image: image36.wmf]v

, along with the rotor; c is the speed of light..

This quantity, for the problem considered in the text, i.e. in the case the object is moved from the center of the spinning disc, to the edge of it, thus, if assessed by the observer situated at the center of the disc, but at rest, with respect to the object (i.e. rotating with the same angular velocity as that of the disc), would be the energy that one has to spend, to bring it from the center the spinning rotor, to the edge of it. 
The same occurs for the present problem. So having the object at the edge of the rotor at rest, at the beginning, and bringing both the rotor and the object fixed to the rotor, at the edge of this, we come to decrease the initial rest energy  
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 of it, as much as the energy 
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 we have to furnish to it, to bring it, via rotation, to the centrifugal accelerational field, created by the ultimate angular velocity 
[image: image39.wmf]v

, coming into play. We can call 
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, the static binding energy of the object of concern, vis-a-vis the rotational accelerational field we come to have produced. 

It is that the object is now bound to the field, being at the edge of the rotating disc, although it was initially well, there, but in a state free of any accelerational field.
Getting the object off the centrifugal field in question, necessitates the energy 
[image: image41.wmf])
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. In other terms, we have to furnish to the rotating object, just as much energy, to slow it down and finally to stop it (the object being always at the same location with respect to the disc). 

Eq.(A-1) is of course quite controversial. It states that to bring any object to a an accelerational motion, one should discharge from the object an amount of energy equal to the energy to be furnished to the object, to achieve the goal. 

Does then, an astronaut, or in fact any car driver, is to lose rest mass, as he accelerates? The answer along the framework we draw, is Yes!.. 

But the lost rest mass, i.e. loss of a minimal internal energy from all constituents making up the object of concern, is well regained when the object comes to an inert state, via deceleration, no matter what its ultimate uniform, translational velocity may be, i.e. zero or a given constant velocity, as assessed by an outside fixed observer. Thus the concept of proper mass along our approach, holds all right. In other words, an object at rest has a proper mass; as he accelerates, his rest mass decreases as much as the energy one has to furnish to the objet to bring it to the accelerational field of concern; but as the object decelerates, it regains its proper mass, in its own inert frame.
Note that, the situation in accelerators, must be handled differently, for as the particle enters an electric field, in an accelerator, it suddenly finds itself in a higher energy level, which according to the present approach, should yield an overall relativistic energy increase. Thus an extra relativistic energy is plied up by the particle. It is this extra relativistic energy,  which is then consumed as a source, to speed up the particle, while it is both pushed and pulled by the respective hollow dees of the accelerator. 

The same occurs when a charged particle enters in a charged capacitor. 

Anyway, the static binding energy 
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 (again, as assessed by the observer situated at the center of the closed disc, and rotating with the same angular velocity as that of the disc, thus at rest with respect to the object), of the rotating object vis-a-vis the accelerational field, is increased as much as 
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, as the angular velocity is increased as much as 
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, which however, leads to a relativistic increase of the instantaneous rest energy 
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. Thereby, based on the usual Lorentz transformation of the mass, one can write 
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(A-2)

    (Binding energy change of the object at R with 

      increasing rotational acceleration strength)

We write this equation, as referred to a fixed outside observer. Thus, the Lorentz factor took place in front of the LHS of this equation, for 
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, or accordingly 
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 points solely to a  rest energy variation as referred to the observer at rest situated at the center and moving with the same angular velocity as that of the disc.

Eq.(A-2), in fact, is nothing else, but the expression of the law of relativistic energy conservation, embodying the mass & energy equivalence of the STR, for the case at hand. It simply states that, we discharge from the object, the rest mass equivalent of the extra minimal energy 
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, we furnish to the instantaneous rest energy 
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, rotating with the angular velocity 
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, in order to increase its angular velocity as much as 
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. And again, all that is just like what happens to an object we move from the center of a rotating body, to the edge of the body, in relation with the law of energy conservation broadened to embody the mass & energy equivalence of the STR.2 Note that evidently 
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 is a positive quantity. 

Eq.(A-2), leads to
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or
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(A-4)

 (Rest relativistic energy of the object brought to the 
   given rotational speed, together with the disc)
What is Inertia?
This must be what inertia
,
,
 (i.e. the “strength of the resistance” of the object to a change of velocity), is all about. That is, the object resists to the discharge of, though minimal, a portion of its rest energy. As we have shown previously, such a discharge, will affect, not only the rest mass of the object, but through quantum mechanics, and at the same time, its size and period of time to be associated with its internal dynamics (cf. Reference 3) Thus the object in fact, resists to change its internal properties, starting with its size. Note that the weakening of the internal energy yields the stretching of the size, and this, just as much. 

The above result is practically the same as 
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            (A-5)  (Rest energy of the object moved radially, from the center of the 

                   Spinning disc, to r, as referred to the observer at the center the disc,

                   and rotating with the same angular velocity as that of the disc) 
i.e. the one we have obtained for the case, where we moved the object from the center of the rotating disc, to its edge (cf. References 2 and 3, and Table 2 of the text). 

In short, inertia is the building of binding of an object to an accelerational field. And the sameness of binding to any force field, may be considered as the fundamental principle of equivalence, between straight acceleration and acceleration caused by any force field, such as gravitation, or in fact any force field, the object at hand interacts with. Thus, such a principle is much more general than the one originally considered by Einstein with regards to gravitation and acceleration (Reference 4). More essentially, in fact, such a principle comes to be rooted to the law of energy conservation, broadened to embody the mass & energy equivalence of the STR.  
Explaining the Difference Between the Two Results, Furnished by Eqs. (A-4) and (A-5)
It should now be questioned, why the two results [the Right Hand Sides of Eqs. (A-4) and   (A-5)] are not identical, notwithstanding the fact that, the corresponding setups are totally different, since at a first glance, it is well question of carrying the object of concern to the same accelerational field, no matter how we started.

The thing is that Eq.(A-5) is obtained through the procedure where we move the object quasistatically, from the center of the spinning disc toward the edge of it, as observed by the observer at the center of the disc, but rotating with the same angular velocity as that of the disc. The basis of it, more specifically is
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yielding well Eq.(A-4); note again that this equation is written as observed by the observer at rest, situated at the center of the disc, but rotating with the same angular velocity as that of the disc. .
The above equation, assumes that the angular velocity 
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 remains the same throughout. This is however not true. Based on the law of angular momentum conservation, 
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 will decrease, as we move the object further away toward the edge.
Let the disc mass be M . Suppose it is made of a solid cylinder of radius R. The moment of inertia I of it is
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Note that this quantity is independent of the height H, of the cylinder in question. Note further that in the relativistic case, the mass M is made of relativistic peaces each rotating with the related velocity 
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Eq.(5) of the text tells us that the overall relativistic mass of the object remains the same and equal to its initial value 
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. The moment of inertia “i” associated with this mass, at the location r, is 
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The angular momentum 
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 must stay constant as we move the object forward. For simplicity let us consider just the initial and final states. At the initial state 
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 is at the center. Its effect is null. At the final state it is at R. Thus 
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Normally, because the angular velocity changes, the tangential velocities, thus the moment of inertia IDisc of the disc too, must get changed. But this can be neglected, chiefly when 
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, is, as we assume, very small as compared to M . Thereby the above equation is practically rigorous. 
It yields 
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          (A-10)
Thence, as expected, the bigger the disc mass as compared to the mass of the object, the smaller is the change in the angular velocity, as the object is moved from the center of the disc, to the edge. Also, it is question of a slowing down. 
Calculation of the Energy Lost by the System Object+Disc, as the Object is Moved From 
the Center of the Disc to the Edge of it 

In any case, we have to be able to explain the difference between the results delineated by   Eqs. (A-4) and (A-5). For this purpose, and to make things simpler, let us calculate classically, how much energy the disc loses, when we move the object from the center to the edge. 
Thus for the time being we neglect the very small rest mass decrease, the object should delineate in the centrifugal force field. During the displacement of the particle from the center of the disc to the edge of it, the moment of inertia 
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 of the system disc+object, when the object is at a distance r from the center, is equal to
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Here, as usual, we have
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In order to maintain the constancy of ( during the displacement of the object, we have to do the work Ad, i.e.
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where L is the torque applied to the disc, and T the period of time the displacement of the particle necessitates. 

The torque L , is determined by the equation
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given that IDisc remains constant throughout.

Going with this result, back to Eq.(A-13), we obtain
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where we used the definition 
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 further, represents, 
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What is, this Energy? 
And, what is this energy? It is the energy we have to provide with the system disc+object, in order to keep the original angular velocity 
[image: image78.wmf]v

 of the whole thing, constant, throughout. In other words, it is the energy, the whole thing loses to cope with the law of conservation of  angular momentum. And, where did this energy go? As observed from the outside, it is evident that, about half of it, went to the original mass 
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 as the kinetic energy K of it, at the edge of the disc. 
This energy, relativistically speaking, is
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And where did the rest, i.e. 
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, or, to the first approximation, an other half of the lost energy 
[image: image82.wmf]2

00

R

V

m

g

, go?  The answer is, “It went away as the ‘mass deficit’, the object must display in the centrifugal force field, due to the ‘binding’ it develops with regards to the force field in question”. Let us calculate this difference:
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This means that, the rest mass 
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 of the object at the edge of the disc, as a first approximation (i.e. through which, we did not consider the continuous rest mass decrease) becomes
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this is nothing else, but the RHS of Eq.(A-4), which is however based on a totally different set up than the one we have followed to derive Eq.(A-18).

In other words, the difference between Eqs. (A-4) and (A-5), is due to the fact that, in deriving the latter, we overlooked the law of conservation of angular momentum. Recall that, the variation of the angular velocity 
[image: image86.wmf]v

, is practically null [cf. Eq.(A-10)]. 
This, in effect, means that, only the object is affected by the outcome of the application of the law of angular momentum conservation. And this is indeed what we considered in deriving Eq.(A-18). Note that, without the rest mass decrease we have elaborated on, and which in fact followed the relativistic law of energy conservation, it appears to be impossible to meet the requirement imposed by the law of angular momentum conservation. 
In other words the compatibility between the two fundamental laws can only be insured by the consideration of the rest mass decrease, the object will delineate in the centrifugal force field (which is nothing but a requirement imposed by the law of energy conservation, broadened to embody the mass & energy equivalence of the STR).  

Discussion

One may argue that, we have derived Eq.(A-18) classically, i.e. via omitting the rest mass decrease, which was, what we aimed to predict. This is true. But at the same time, one must pay attention to the fact that, what we targeted through the derivation in question, was nothing but the differences such as K and D [cf. Eqs. (A-16) and (A-17)]. In other words, the derivation of Eq.(A-18) appears to be quite acceptable. 
It is still helpful, to have a cross check, which we will achieve, right below, via considering the rest mass decrease we introduced, in order to satisfy the relativistic law of energy conservation, together with the law of angular momentum conservation. And we will see that, this practically rigorous calculation, based on approach, after all, does not turn out to be complicated at all.
Let us stress the fact that, the Standard Theory, does not predict any change, as observed by the observer, situated at the center of the disc, and rotating with the same angular velocity as that of the disc, and observing the object, embedded in the accelerational field, at the edge of the disc. Whereas, for this observer, we clearly predict a red shift, of the light that would be emitted from the object in consideration, and this occurrence in our approach, is analogous to the gravitational red shift. For us, though, this is a mere quantum mechanical effect (References 2, 3, 5, 6). An experiment, based on an emitter put at the edge of the disc, an absorber nearby the center, rotating with the same angular velocity, as that of the disc, and a detector, still rotating with that same angular velocity, would resolve the quest of the divergence between the Standard Theory and our approach.   

Cross Check: Rigorous Solution for Mass Decrease
In order to achieve a cross check, and this, on the basis drawn by our approach, we go back to Eq.(A-15). Thus, the energy that the system disc+object would lose, as we move the object from the center of the disc to the edge of it, is given by
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where B(r) is the binding energy, the object develops, vis-à-vis the centrifugal field. 
Eq.(A-4) shows that, in the case where, the object, fixed to the edge of the rotor, both being at rest at the beginning, is brought to a rotational motion; the overall relativistic mass 
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In this case, we then land at the interesting relationship [cf. Eq.(A-4)]
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          (A-21)
The situation is not the same, in the case where we move the object quasistatically, from the center, forward to the edge, on the already rotating disc.

Anyhow, it is easy to tap the result of the integration operation displayed by Eq.(A-19):
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Now again, what is this energy? It is the energy the system disc + object loses as the object is moved from the center of the disc, to the edge of it. Because the disc is assumed to be infinitely heavier, all this energy must be practically subtracted from the object, alone. This energy at r is  
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where we posed
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and [cf. Eq.(A-12)]
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The angular momentum of the system must be conserved. Thus we can write [cf. Eqs. (A-9), (A-23) and (A-24)]
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This is not an easy situation. The change in the angular velocity, will affect the relativistic disc mass M , entering in the expression of the disc moment of inertia MR2/2. Thus for arbitrary M and m, the above constancy requires the constancies of both quantities  
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Thus
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Or via multiplying this equation on both sides with
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, we have 
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Now let us differentiate Eq.(A-23):
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Comparing this result with Eq.(A-28), we can write
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Note that this is a negative quantity, when we move the object from the center toward the edge. So the magnitude of it, is the energy lost by the system disc+object, as we move the object forward from the center o the disc, to edge of it. Where did this energy go? It went to the decrease of the rest mass of the object, but at the same time to the increase of its rotational velocity.

Before we proceed, let us rewrite this quantity via using Eq.(A-28):   
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Where has this energy been extracted from? To elaborate on the answer, consider our equation Eq.(A-6) leading to Eq.(A-5), here rewritten along with our simplified notation: 
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This equation for the problem we handle now, is of course, approximate, for it does not take into account the angular momentum conservation. But to develop an insight, we can still use it, in Eq.(A-31):
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This equation, is interesting in many ways. Essentially, it allows us to see, how the energy extracted from the system, as we move the object from the center toward the edge of the disc, is partitioned. The two interesting cases are i) the case where 
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 is very big. In the first case we have 
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(Case where 
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and in the second case, we have
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                (Case where 
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 is very big)
It becomes thus clear that, as we move the object from the center toward the edge, it experiences a rest mass decrease, and conjointly, it acquires more kinetic energy. For 
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 close to unity, the two shares are equal to each other. So the system disc+object, loses an energy equal to twice the rest mass decrease [cf. (A-34), where the first term on the RHS, then, vanishes]. On the other hand, for a very big 
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, the magnitude of the slowing down of the system disc+object , as we move the object from the center toward the edge), is made of i) the magnitude of an increase in the kinetic energy, for a constant rest mass, together with ii) the magnitude of the  decrease of the total relativistic energy 
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It is important to note that we have arrived to this result, via only the law of momentum conservation. And what this result fundamentally expresses, is the relativistic law of energy conservation (embodying the mass & energy equivalence of the STR).   
With this neat stance, instead of approximations we made [in landing at Eqs. (A-34) and    (A-35)], in the limit cases, we can, via the strict law of energy conservation, write down a rigorous equation. Thus, we have to visualize the two concomitant processes we have just revealed, i.e. once again i) an initially existing differential rest mass 
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 has vanished. 2) At the same time, the remaining rest mass m has acquired the additional kinetic energy dK(r); in mathematical words 
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Thence
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Eq.(A-37) via integration, right away, leads to
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B(r), is the binding energy at r, so that 
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, which is a positive quantity, as we move the object from the center to the edge. On the other hand, since the values of Ad(r), K(r), and B(r) are zero at r=0, we can write  
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and this is what constituted, above, the basis of our Eqs. (A-17) and (A-18).

Following the line of reasoning we pursued above, now, we propose to calculate the difference 
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 [cf. Eqs. (A-17) and (A-23)]. Note that, in our approach this quantity, is nothing else but the binding energy B(R), the object develops vis-à-vis the centrifugal field, at the edge of the disc, and to be ultimately subtracted, from the rest mass of it. Thus, one can write 
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or
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and
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This, by our definition, leads to 
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This result is interesting in many ways. First of all, we succeeded to land at practically the   same result as that displayed by Eq.(A-5). This is furthermore almost the same result displayed by Eq.(A-18). More specifically, it is the same, up to a forth order Taylor expansion, and this is surely striking, given that Eq.(A-43) was obtained through a totally different setup than that of Eq.(A-18) (where the object was already at the edge of the disc, the two being at rest, at the beginning). We then proceeded with the law of energy conservation.

Whereas, to arrive at Eq.(A-43), we have first proceeded with the law of angular momentum conservation [cf. Eq.(A-19)]. Then, we checked the consistency of this law with the relativistic law of energy conservation.  Only afterwards, we have proceeded with this latter law. 
Eq.(A-42), thereby Eq.(A-43), are well rigorous, for small deviations from the original angular velocity 
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, as the object is moved forward. 
Backward Reasoning

Before we leave this appendix, we find useful to handle our reasoning which led us to    Eq.(A-18), backward. 
Thus suppose we have an object fixed to the edge of a disc, rotating with a given angular velocity. Now, we move quasistatically the object from the edge to the center of the disc. Eq.(A-15) tells us that the system disc+object will, owing to the law of angular momentum conservation, pile up an amount of energy about equal to 
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 [cf. Eq.(A-23)]. It is easy to guess that about half of this, is made of the kinetic energy 
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, the object possesses at the edge, as this energy is killed, while we bring the object from the edge of the disc, to the center of it. 
But then how, the rest 
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 [cf. Eq.(A-23)], i.e. about the other half, is created? 
The answer (which the Standard Theory, will never be able to provide) is that, while killing the kinetic energy of the object via bringing it from the edge of the disc to the center of it, conjointly, one increases its rest mass as much as D .      
Why One Cannot Attain a Rotational Speed Carrying Matter, 

Greater Than the Speed of Light?

We may further note that along with Eq.(A-18), at V=c, all the rest mass would be gone. This is why, no rotational speed carrying mass, can be faster than the speed of light. 
Otherwise, it does not appear to be clear, why the Standard Theory, would forbid anything to spin, with a speed greater than the speed of light. When we turn our eyes from one star to an other one, on a starry night, it is evident that the length of the arc we sweep up, may be even uncountable light years. Of course, no matter, is carried away, that way. Nonetheless the question remains, why such a spinning much faster than the seed of light, would be forbidden by the Standard Theory, if matter is engaged in the rotational motion. 
The answer is that, all the matter would be gone, due to binding, if the spinning velocity, reached the velocity of light, and this is what Eq.(A-18) tells us.      
The Product 
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It is interesting to calculate the quantity appearing in Eq.(A-22): 
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This result is also very interesting. It tells us that the local total relativistic energy E(r)
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holds up to a forth order Taylor expansion. In reality because we limited ourselves with small deviations from the established angular velocity, as we move the object from the center of the spinning disc to the edge of it; we can well admit that, the above result, holds generally. This also shows the strict consistency of the law of angular momentum conservation and the law of energy conservation. 
What About the Coriolis Force?

There remains one question. Above, we have not considered the Coriolis force. Although we proposed to move the object quasistatically, one still pose the following question: No matter how infinitely slow we move the object, in order to be able to move it, we should still move it with a given velocity u, no matter how slow this should be. We totally agree with such a reasoning. But then a Coriolis force FC is created side way, with regards to the observer situated at the center of the disc, and rotating with the same angular velocity as that of the disc. The magnitude of this fore is
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Recall that m here is the rest mass of the object at r, and in our approach it varies. 
Let us define u:
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The Coriolis force creates the torque of magnitude 
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 on the disc
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where r is the instantaneous radial coordinate of the object. Then the work dAC achieved by this force thorugh the period of time dt is equal to
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or via integration 


[image: image141.wmf]ò

ò

w

=

tw

=

T

0

2

T

0

C

rudt

m

2

dt

A

,





        (A-49b)



Here for simplicity we take m as a constant, and take it out of the integration operation; T is the overall period of time needed to move the object, from the center the rotor to the edge of it.

We can obviously write
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Hence
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Or via using Eq.(A-50),
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The Coriolis force occurred to be as important as the slowing down energy of the system due to the conservation of angular momentum [cf. Eq.(A-23)]. Then, are we in trouble?

Not really! Our approach is well equipped against such trouble with which the ST cannot deal. Now consider our Eq.(A-18). It says while bringing to an acceleration an object you discharge rest mass from it. Conversely decelerating the object, to us, means restituting the rest mass discharged from the object. 
Now as we move quasistatically, forward, we do not really have to go with a constant velocity u, as small as this may have been chosen. What we can do is, to move a little, and stop, and this all the way through. And such a process is more quasistatic than the one considered right above! But each time we stop, then there is no Coriolis force. When we accelerate a little forward, it is true that we are subject to the Coriolis work, expressed by Eq.(A-49a). This will certainly affect our rest mass due to the relativistic conservation of the law of energy conservation. But as we decelerate to stop, then the rest mass change just experienced, is restored. At the center of the disc, when the object is at rest with regards to the observer rotating with the same an angular velocity as that of the disc, there is no Coriolis force. When we come to rest, at the edge, after our step by step move, there is no Coriolis force either. So for such a framework we do not have to worry about the Coriolis force at all.   

Briefly
In this appendix we have resolved the difference between Eqs. (A-4) and (A-5). The first equation pertains to the case in which an object attached to the edge of a rotor, initially at rest, is brought together with the rotor to a rotational motion. Its rest mass is decreased as delineated by Eq.(A-4), along with a square root function. The second case pertains to the case in which the object is moved from the center of the already spinning rotor, to the edge of it. The rest mass of the object, is decreased as delineated by Eq.(A-4), along with an exponential function. 
Briefly, in both cases the rest mass of the object is decreased by the same amount the second order Taylor approximation, as observed by an observer situated at the center of the disc, and rotating with the same angular velocity as that of the disc. Yet evidently the two expressions, though slightly, still differ. 
The divergence in question is removed via the introduction of the law of angular momentum conservation in the second case. Thus, in order to cope with the law of angular momentum conservation; the law of energy conservation, draws a rest mass decrease of the object in the force field, as expected, but just a little different from that predicted by Eq.(A-5). The conclusion is that in both cases we have considered the rest mass decrease is rigorously given by Eq.(A-4).

By the same token we have an explanation for the inertia. It is the effect of the rest mass change of an object undergoing an acceleration or a deceleration. This is ho we eliminated a potential problem posed by the Coriolis force, as we move the object from thecenter of the disc, to the edge of it.    

We may further note that, along with Eq.(A-18), at V=c, all the rest mass would be gone. This is why, no rotational speed carrying mass, can be faster than the speed of light.
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ABSTRACT
The present approach further leads to the derivation of de Broglie relationship, coming up to be coupled with the superluminal velocity 
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where v is the velocity of the bound object, say an electron moving around a nucleus, or a planet moving around a star, with respect to the source of attraction or repulsion of concern. This suggests that an interaction, such as that delineated by an optical interception, can of course take place with an “energy exchange” (in that case, "electromagnetic energy exchange"), but it can also occur without any energy exchange. We propose to call the latter "wave-like interaction". An interaction with energy exchange can not evidently occur with a speed exceeding the speed of light, whereas an interaction without any energy exchange occurs with the superluminal speed Ut, were the object moving with a speed v, with respect to the attraction or repulsion center. Note that the present approach is, in full conformity with the STR. Our disclosure, seems to be capable to explain the spooky experimental results newly reported. Thus, it is not that,  Non-Locality and STR are incompatible. It is that the STR, allows a type of interaction faster than the speed of light, were there no exchange of energy.

Key words:

Special Theory of Relativity, General Theory of Relativity, Rotation, Mass & Energy Equivalence, Quantum Mechanics, Wavelike Interaction, de Broglie Relationship 
In the previous part, we have presented a theoretical basis regarding the experiment we have  achieved with a rotor, on the edge of it,  we placed an observer. This is made of Fe57 nuclei. At the center of the rotor, we have a source made of Co57 nuclei, emitting gamma rays. The absorber behaves like a clock. Thus it is expected to retard. But according to the classical theory it is expected to retard as much as the usual Lorentz factor. Whereas, according to our approach, the absorber, already as observed by an observer situated at e center of the disc, and rotating with the same angular velocity as that of the rotor, must retard due to the binding, it develops, to the centrifugal force field. This latter effect turns to be as important as the usual Lorentz effect as observed from the outside. Thence for the outside observer, the two effects should get superimposed. And this is exactly what we measured. Our approach has a very  interesting consequence, which we tackle with below. 

To make things easier, we continue to enumerate sections, equations, tables and figures, as the continuation of those of Part I. 
5.   WAVELIKE INTERACTION, AS INDUCED BY THE DERIVATION OF DE BROGLIE RELATIONSHIP, BASED ON THE PRESENT APPROACH
The dumping of a minimal rest mass in an attractive force field, no matter which one, as long as the object of concern interacts with it, owing to the relativistic law of energy conservation, ultimately leads to the de Broglie relationship, via a superluminal speed that arises throughout.
 
We can indeed write, the overall relativistic energy 
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where B(r) is the static binding energy of the object at hand, to the field in consideration; we will denominate the overall relativistic energy as just 
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 given that it remains constant, throughout. 

The constancy here, is evidently nothing else, but the expression of the relativistic energy conservation. In Table 3, we sketch different expressions for static binding energy coming into play (divided by Rest Energy of the object, in a location free of any field), with regards to different cases, more specifically, centrifugal field, electric field, and gravitational field (cf. Figure 1). The static binding energy regarding, say an electron of charge e, in the electric field of a nucleus of charge Ze, is calculated likewise, as the energy to be furnished to the electron to carry it quasistatically, from a distance r to the center of the nucleus, to infinity. Note that the constant in the case of the rotating disc, is just the original rest energy 
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Table 3 Static Binding Energy in Different Force Fields 
	
	Centrifugal Field, Created by the Disc Set to Spin With the Object at r
	Electric

Field 
	Gravitational Field
(cf. Figure 1)

	Static Binding Energy

B(r)/(Rest Energy Free of Field)
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The differentiation of the above relationship leads to 
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The change in the binding energy with respect to the field, means a mass deficit (with opposite sign):
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Superluminal Speed

Note that the dm(r) is negative, for m(r) decreases with increasing r; this means –dm(r) is a factual infinitesimal rest mass. We have discussed, how such a rest mass is dumped or piled throughout a given electrical or gravitational motion, in References 5 and 6. To make things a little bit easier, let us just consider, our object, at the given location r, from the center of the disc, thus both at rest, at the beginning, and suppose next, we bring them to a rotation altogether, while they are still at rest with respect to each other. Thus the object is situated at the same place, but it is brought gradually, into a rotation together with the disc. As the rotational velocity increases, the object gets bound more and more strongly to the progressively growing centrifugal field, and according to our approach, rest mass is dumped, as much as the binding energy coming into play. Now we associate a momentum kick with the infinitesimal rest mass –dm(r), dumped out, to secure the overall tangential momentum conservation: 
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  (11)        
where Ut is a tangential velocity, to the itinerary, being the basis of this equality. 
Note that the overall relativistic energy  
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 of the object is constant throughout. We made it so that, in order to speed up along the direction of motion, as much as dv, the object has thrown from its back the rest mass –dm(r), at the location r. Of course we do not know whether or not, this is so. We will yet soon see that Ut, becomes even independent of the mass        –dm(r). So, in the worse case, Eq.(11) is an artifact we introduce, to concretize the rest mass decrease, in the field the object is bound to, along with the law of conservation of momentum. In any case the rest mass decrease is a must imposed by the relativistic law of energy conservation. Rigorously speaking, Eq.(11) should be written in vector form, as (cf. Reference 15)
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Here U lies in the same direction as the radial vector 
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. Ut becomes the tangential component of U, but one has to be careful, with regards to a stationary circular motion, since, through such motion, both (the scalar) dv and dm are null. Thus U must become infinite to secure a finite LHS in the above equation, and we have here, perhaps a concretization of the Mach Principle.
,
 Anyway, the tangential component of U, i.e.
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 being the angle U makes with the tangent) is still [as a result of, null (for the cosine) x infinity (for the magnitude of U)], finite, thus well matching Eq.(11). Thence, in any case Ut is finite. 
Eqs. (9), (10) and (11) lead to
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This is, a superluminal velocity. Thereby it cannot carry any energy. We will call it the wavelike velocity. In fact, this velocity can be decomposed as  
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where 
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and V is the usual relativistic speed one can normally associate with the “relativistic mass” 
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De Broglie Relationship

In any case, one lands at the definition of the superluminal speed, Ut. Interestingly enough, this leads straight to the de Broglie relationship. Thus, recall that de Broglie originally associated the energy 
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 (h as usual, being the Planck Constant), to the total mass of the given object of rest mass 
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 [in the above example, corresponding to the rest mass m(r), at r from the center of the rotating disc], and wrote the following relationship, in his doctorate thesis:
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This energy is evidently the energy of the electromagnetic radiation, were the object entirely annihilated. By definition of the speed of light, in terms of wavelength 
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The last two equations, lead straight to
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Let us now divide Eq.(13) by 
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This is nothing, but de Broglie relationship itself, here m being the relativistic mass of the object of original rest mass 
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, moving with the velocity v. We can accordingly rewrite the wavelike velocity Ut, 
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Henceforth, the de Broglie wavelength, happens to be the wavelength to be associated with an original “information” of frequency 
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, that is according to de Broglie, the information related to the original rest mass 
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, moving in space with the velocity v. Thereafter, the speed of propagation of this information is Ut, which we called , the wavelike velocity. Again, to make things clear, let us state the results we obtained, as our next assertions.

Assertion 13: The rest mass decrease, an object undergoes, in a force field, in accordance with the relativistic law of energy conservation, in order furthermore, to cope with the law of momentum conservation, were the magnitude of velocity of the object in the force field, somehow increased, leads to a superluminal velocity, 
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. We call this, wavelike velocity, for no energy exchange can be associated with it. Ut lies in the same direction as that of the motion.
Assertion 14: The wavelike velocity we have derived, leads straight, to de Broglie relationship. 
Assertion 15: There appears reasons to think that the wavelike velocity Ut, is the velocity of propagation of the information about the presence of the original rest mass 
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, moving with the velocity v. 
Recall that 
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 is the frequency associated with the object’s rest mass m00, but at the given field location. What we did is, essentially based on the relativistic law of energy conservation, and is fully consistent with the Special Theory of Relativity. It is quite general. It holds for any field, that is, say, electric, gravitational, centrifugal, etc. It leads to quantization, given that de Broglie relationship, along with the law of energy conservation, is the basis of Quantum Mechanics. It is also naturally applicable to a stable circular orbit, thus throughout, with no rest mass variation at all. Hence the interaction of concern, gravitational, or electric, or else, must well hold without any energy exchange. In any case, the wavelike velocity we ended up, turns out to be well independent of the rest mass disposal, in conjunction with the binding. 
Note further the following. To believe that the electric interaction occurs via the exchange of virtual photons is, according to our approach, is the same as that, there is no particle exchange at all!..

To believe that STR allows particles with “imaginary mass”, i.e. “tachyons”, is the same as that, no such particles exist, and consequently there is “no mass exchange”, were such particles presumed to take place somehow, with regards to a kind of exotic interaction. 

Note from Eq.(20) that, the greater v, the smaller is Ut, but Ut is never less than c. And vice versa, the smaller v, the greater Ut. For v=0, Ut becomes infinity.
Similarly, there seems to be no gravitons, as imagined classically, which are considered to move with the speed of light. This is the same as saying gravitons are fictitious interaction exchange particles with no mass, and the gravitation propagates with speeds much higher than the speed of light, still with no energy exchange. And, again, all these are in accordance with the relativistic law of energy conservation…       

6. QUANTUM NUMBERS

Since we figure out that all force fields are quantized, let us calculate a couple of few quantum numbers. More specifically one from the gravitation world, and the other from the disc world. 
Gravitational Quantum Number
Let us consider Earth of rest mass 
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, on a circular motion, carried with the velocity vn, around the sun, on an orbit of radius rn. For such a motion, for the nth level, one can, based on usual considerations, write:
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(21)      
This relationship, numerically would serve, to calculate n, if all other quantities are given, i.e.
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 (22)           

n, for Earth rotating around the sun, for instance, approximately becomes 
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 (23)    
This number, yes, appears to be very large; yet this affects in no way the validity of the foregoing approach. We can thus conjecture the following: Although the energy is conserved, say on an orbit, in the atom, or in the solar system, or elsewhere in a celestial closed system, because energy, by nature aims to get minimized, the electron or the planet on a level other than the ground level, tends to get closer to the attraction center. We then have a situation exactly in accordance with Bohr's postulate,
 i.e. the electron (or the same a planet) radiates only if it jumps to a lower state!.. And, all other things being equal, it should (most likely, following a complete rotation on the given orbit), keep on jumping to lower states, until it reaches the ground state, as induced by the minimum energy requirement. This may be the cause for the gravitational radiation.
Centrifugal Quantum Number

Let us calculate n, for an object of 1 g, on the edge of our rotating disc, of R = 0.5 m, making 100 revolutions per second:
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This is to say that, in a force field, no matter what this specifically is, any state is quantized. Even an ordinary macroscopic rotational state is, as we have shown, quantized. 
7. CONCLUSION
The GTR is unfortunately utterly incorrect, because it did not consider the effect of straight acceleration for the rotating disc, while stating the Principle of Equivalence (PE), but reduced the effect of acceleration to the mere effect of displacement (cf. the footnote, on page 60 of Reference 4). Einstein accordingly, appears to have unwillingly picked up the pair of contracted length and stretched period of time for a rotating disc. This is unfortunately, unphysical. The “correct space-time kernel” turns out to be made of both stretched length and stretched period of time  (cf. Table 2, above).

Einstein’s choice, unfortunately constitutes a violation of the relativistic law of energy conservation. It is of course somewhat diabolic that, even under such circumstances, the GTR, gravitationally, furnishes results, which are the same as the corrected results, up to a third order Taylor expansion. At any rate, the remedy for the PE, which is none other than our theory, leaves the GTR obsolete. 
Via the present approach essentially based on the strict application of the relativistic law of energy conservation, embodying the mass & energy equivalence of the Special Theory of Relativity, we arrive at just one conception with regards to the description of the micro and the macro worlds, thus healing one of the biggest problems of the contemporary cosmology. This yields, at the same time, the derivation of the de Broglie wavelength, thus the quantization of any field, including the centrifugal field of a rotating disc. 
Our approach also implies the novel concept of interaction without any energy exchange, or wavelike interaction as we call, occurring with speeds much greater than the speed of light, since our derivation leads to the superluminal speed 
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, which we obtained as the basis of the derivation of the de Broglie relationship. And there appears reasons to think that the wavelike velocity Ut, is the velocity of propagation of the information about the presence of the original rest mass of concern, moving with the velocity v. 
This sheds light on quantum weirdness, and many recent spooky experimental results.
,
, 
  Thus we do not really have to worry that Quantum Mechanics (QM), and the STR may be incompatible. They are very well compatible, in fact inside of each other. What we did not know so far, though, is that the STR allows interaction without any mass or energy exchange, and this at superluminal speeds, and this is in reality, what QM is all about. 
But then, the metric must change nearby a nucleus too, just like it is altered nearby a celestial body, or in an ordinary rotational centrifugal field, but our way (and not the way prescribed by the GTR). 
The first author thus proposed that a bound muon should exhibit a decay retardation as much as the binding energy coming into play, even long before he knew about measured data. 
,
,
,
,
,
 His first estimates did fit the data much better than any existing theory could predict.
,
,
 We present below (Figure 4), a recent plot by the authors, of bound muon decay rate retardation versus the number of protons of the nucleus, the muon is bound to. As observed, the present theory indeed intercept the data incomparably better than what had been, predicted previously, via classical quantum electrodynamics. 
Our approach is further extremely simple, in comparison with other cumbersome approaches.

Note that the data embody a peak near iron (Z=26). It is suspected that this may be due to the large background of low energy gamma rays associated with accompanying inelastic muon capture events, though more recent data show that the anomaly in question is not as important as that delineated by previous measurements.
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        Figure 4 Bound Muon Decay Rate Retardation Versus Z
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�  One can argue that the center of the disc is just a point, and no observer can fit into a point. Yes, indeed. But any observational location, anywhere in fact, is just a location, and is well a point, in space. One can further argue that the point at the center has no angular velocity, for it is, at rest. Yes but, any radial direction has a rotational velocity, while passing by the center. Thus the central location on any rotating radial direction, can be considered to rotate as well, and this with the same angular velocity as that of the disc. In any case, we can remove completely, all these difficulties by advancing the observer at the center, through an infinitely small step on the given radial direction taking him to the object at the edge; then he will rotate with an infinitely small tangential velocity, but evidently, with the given angular velocity. The idea is that, he is at rest with respect to the object, and left practically unaffected through the rotation.


� Eq.(A-30) can be transformed into an equation involving just � EMBED Equation.3  ���, as follows. Thus note that (for a constant r) 


	� EMBED Equation.3  ���  .     			         	


  This makes that 


	� EMBED Equation.3  ���  .     			                     	


  Going with this, back to Eq.(A-30), we can write


	� EMBED Equation.3  ��� ,      	 	                                 	          


  where we have used the definition � EMBED Equation.3  ���; we have to recall that � EMBED Equation.3  ��� here, has the same sign as that of   � EMBED Equation.3  ���, i.e. this quantity must still be considered as a negative quantity, if we move the object from the center of the disc toward the edge of it.


 


�  Recall that, given the definition


		� EMBED Equation.3  ���  ,


    one can write  


� EMBED Equation.3  ���  .
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