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ABSTRACT 
 
We show that, just like the gravitational field, the electric field too slows down the internal mechanism of a clock, 
entering into interaction with the field. This approach explains substantially, the retardation of the decay of the 
muon, bound to a nucleus. 
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INTRODUCTION 
 
This work is issued from a much broader angle than the one we will specifically consider herein 
[1]. Thus, it was the author’s idea that, owing to the law of conservation of energy, the overall 
internal energy of a bound particle should be weakened as much as the binding energy coming 
into play, whether it is question of the atomic world or the celestial world. All internal 
mechanisms the particle of concern may embody, shall be affected accordingly, provided that the 
particle’s inner articulations are not degenerated via the binding process.  
 
Here, for simplicity, though without any loss of generality, we assume that the particle in 
question, is very small as compared to the object binding it, so that we only have to worry about 
the changes this particle would undergo [2]; in other words, the host object binding the particle 
in consideration, will remain practically untouched through the binding process. 
 
Let us explain this, a bit further. Suppose an observer on Earth sets free from his elevated right 
hand, a stone to a free fall, and afterward, he catches it with his lowered left hand. The overall 
energy of the closed system (CS) made of the stone in question and Earth (and just the two, i.e. 
neglecting, the air in between), must stay constant all along the free fall of the stone. The law of 
linear momentum conservation law, on the other hand, requires that, because Earth is infinitely 
more massive than the stone, in regards to a distant star, it remains in place. Therefore 
throughout, it is only the stone, which gains kinetic energy. Once the observer interferes and 
catches the stone, with his lowered left hand, he retrieves from the CS, an amount of energy 
equal to the kinetic energy, the stone would have acquired on the way, and this energy evidently 
is retrieved from the stone alone, once this is stopped.1  
 
Conversely as the observer highers the stone, he will come to pile up an extra amount of energy 
equal to the energy he has to furnish to it (to elevate it to the given altitude).  
 
                                                           
1 Once the observer catches the stone, basically, his hand will be heated up. We may very well suppose that the 

related heat is released to the outer space as an infrared radiation. Thus indeed, the system made of Earth and the 
falling stone, looses energy, right after the observer catches the stone. The observer remains practically the same 
observer, following the cooling down process. 
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Let us simplify things. Suppose one highers, just one atom of hydrogen.  
 
Then, what would it mean that, via highering the hydrogen atom, one piles up in it, an extra 
amount of energy equal to the energy he would have furnished to it?  
 
First of all, this means that owing to the relativistic equivalence of mass & energy, the rest mass 
of the hydrogen atom will get increased as much.2 Thus, wherever this mass intervenes, we will 
observe a related change. 
 
We can further analyze the situation in the following way.  
 
Any entity must display an internal dynamics, based on an internal mechanism. This is an 
intrinsic periodic phenomenon. Already de Broglie has considered such a phenomenon in regards 
to a given particle at rest, were this totally transformed into electromagnetic radiation [3].  
 
We can be more specific than that: A diatomic molecule for instance, vibrates. The motion in 
question delineates a particular internal dynamics of the molecule. A diatomic molecule can as 
well rotate. The related motion delineates another internal dynamics, of the molecule. One can 
associate a total energy with every specific internal dynamics, coming into play, if the internal 
phenomena in question can be envisaged to be independent from each other.  
 
Thus, we can conceive any entity to embody an “internal dynamics”. A given entity may embody 
many internal mechanisms, working simultaneously. To make things simple, let us assume that 
there is only one internal mechanism of concern.  
 
Any such mechanism will consist in a “clock labor”, taking place in a given “clock space”, and 
achieved by a “clock mass”, displaying a “unit period of time”. The internal dynamics is founded 
on a “total energy” framing the clock’s mass motion.  
 
Based on the Bohr Atom Model, the internal mechanism turns out to be the rotational motion of 
the electron around the proton. The clock mass is the reduced mass of the electron and the 
proton. The unit period of time is the period of time the electron takes to rotate around the 
proton. In more modern terms, the internal dynamics in question can be characterized with the 
(probabilistically predictable, otherwise unpredictable, yet still) measurable momentum of the 
electron, to be considered along with the usual quantum mechanical total energy.  
 
Based on a non-relativistic approach, the total energy nE¥  of the hydrogen atom, at the nth 
principal level, in empty space, is (in CGS unit system), as usual, given by 
 

  
22

0
42

n hn

e2
E ¥

¥

mp
-=  ;                 (1) 

 

                                                           
2 Note that within the frame of the general theory of relativity, a mass imbededed in a gravitational field dilates, and 

a mass carried away from a gravitaitonal field, contracts. But then, the relativisitic equivalence between mass & 
energy is broken. The present approach does not give rise to such annoyances. 
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here e is the charge intensity of the electron or that of the proton, ¥m0  is the reduced mass of the 

electron and the proton in empty space, and h is the Planck Constant; recall that ¥m0  is 

practically equal to the electron’s rest mass ¥0m , in empty space. 
 
A transition between an upper level n, to a lower level m, in empty space, delineates an 
electromagnetic radiation of frequency mn®¥n , so that 
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When bound to a celestial body, the reduced mass ¥m0  of the hydrogen atom (just like any mass 
taking place within the frame of this atom), is decreased as much as the gravitational binding 
energy BE  coming into play, to become 0m :3 
 
  2

00B cE )( m-m= ¥  ;                       (3) 
 
Here c, is the velocity of light, in empty space. 
 
The gravitational binding energy BE , to a first approximation, can be expressed as  
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G is the universal gravitational constant, M the mass of the hosting celestial object, and R is the 
elevation at which the atom is bound.  
 
Eq. (3) and (4) furnish )(R0m : 
 
  [ ])()( R1R 00 a-m=m  ,               (5) 
 
where )(Ra  is given by 
 

  2Rc
G

R
M

=a )(  .                (6) 

 
In short we will call this quantity, a . 
 

                                                           
3  The proton’s mass ¥Pm  is decreased as much as the binding energy; so is the electron’s mass ¥em . Thus the 

reduced mass )/( ¥¥¥¥¥ +=m ePeP0 mmmm  is also decreased as much. 
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Note that, to be rigorous one should consider the continuous change on the mass )(r0m , through 
the binding process [1]. One should then reconsider Eqs. (3) and (4):   
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Thus    

)()( R
00 eR a-

¥m=m   .                (9) 
 
In our approach, both the electron charge and the Planck Constant, are universal constants, and 
they remain untouched in either a gravitational field or an electric field, or seemingly any other 
field. Note that they are as well Lorentz invariant quantities. 
 
Thus a change in nE¥  of Eq.(1), and accordingly a change in mn®¥n  of Eq.(2), must be based on 
a corresponding change, the reduced mass of the hydrogen atom undergoes: 
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here the change 0mD  in the reduced mass ¥m0  of the hydrogen atom, in empty space, is given by 
[cf. Eq. (9)] 
 
  )()( a-

¥¥ -m-=m-m=mD e1R 0000  .            (11) 
 
The negative sign that appears over here, points to the fact that, the hydrogen mass in the 
gravitational field, decreases. 
 
Eq.(3), along with Eq.(10), makes that  
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Note that, along with Eq.(11), the binding energy )(REB  of the bound particle at R,  becomes 
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which for a small a , and via Eq.(6), yields 
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which well turns out to be Eq.(4). 
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The frequency )(Rmn®n , the hydrogen atom would produce at the altitude R, through a n to m 
transition, becomes  
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It is weakened as much as )/()( 2

oB cRE1 ¥m- .  
 
De Broglie, in his doctorate thesis, considered the electromagnetic energy amounting to the 
entire mass of the particle, even long before the annihilation of the electron with a positron was 
discovered. Thus, he would write 
 
  2

00 cmh ¥¥ =n  ,              (16) 
 
for a particle of mass ¥0m  in empty space; ¥n0  is the frequency of the electromagnetic radiation, 

were the mass ¥0m  somehow annihilated. 
 
If the particle is embedded in a gravitational field created by the host celestial body of mass M, at 
the altitude R, then the electromagnetic energy ¥n0h  will become )(Rh 0n , which can be, via 
Eq.(9) written as 
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This equation, via Eq.(13), but written for the mass ¥0m , can be written as 
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where  )(REB , now becomes the binding energy of the particle of concern at R. 
 
Eq.(18) tells us that, when bound, the overall internal energy of the entity in hand, is weakened 
as much )/()( 2

oB cRE1 ¥m- . 

 
By definition 
 

  frequencyxwavelength
timeofperiod
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c == .          (19) 

 
In other words, the frequency and the associated period of time associated with a given 
electromagnetic radiation are inversely proportional to each other. 
 



 6 

Thus let ¥0T  be the period associated with the frequency ¥n0 . When the particle is embedded in 

the gravitational field in consideration, its internal energy weakens, ¥0T  stretches just as much, 

to become )(RT0 , i.e.   
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The same occurs in relation to any package of energy driving a given internal dynamics, within 
the particle in hand.  
 
Let us for instance consider the ground rotational period of time ¥eT  of the electron of mass ¥em  
around the proton, in empty space, within the frame of Bohr Atom Model.  
 

¥eT  turns out to be  
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When the hydrogen atom is embedded in the gravitational field in consideration, ¥em  will get 

decreased in accordance with Eq.(9); ¥eT  stretches as much, to become )(RTe , at the altitude R, 
so that  
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This means that the related internal dynamics loosens as much as the an amount of internal 
energy lost, amounting to the binding energy  .  
 
Any information coming from the atom, such as an electromagnetic radiation, based on the 
energy difference between two states, must as well weaken as much [cf. Eq.(15)]; thus the red 
shift.  
 
Conversely, as we elevate the hydrogen atom, in a gravitational field, owing to the relativistic 
equivalence between mass & energy, we come to increase its clock mass. This in return 
strengthens just as much, the total energy of the atom, which concurrently shortens as much the 
clock unit period of time.  
 
We have elaborated on this interesting idea to predict all of the measurable end results of the 
general theory of relativity, without though any further assumption than the energy conservation 
law. It is of evidently striking to obtain the same results as those of the general theory of 
relativity, through a completely different set up than that of this theory, up a second order Taylor 
Expansion [4, 5]. 
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Since one does not have to assume the “principle of equivalence” of the general theory of 
relativity, he comes to discover a whole new horizon. 
 
Generally speaking, the bound particle in consideration may just not be a mass (such as a stone) 
gravitationally bound to a celestial body; but may also be a charged particle electrically bound to 
a charged body. The particle of concern, may even be a nuclear entity such as neutron, bound to 
a nuclear field, provided that, the binding process does not destroy the inner articulational 
characteristics of the original entity in hand. 
 
At the first strike, our claim (that the internal energy of the bound particle must be decreased as 
much as the binding energy coming into play), may seem trivial, since it is nothing else but the 
energy conservation law. Yet, not only that our approach was overlooked for gravitationally 
bound objects, but also, even the “internal energy” of a charged particle, such as that an electron, 
was not given a particular consideration, for say, the electron was always considered as a point-
like particle; thereby an eventual change of such an internal energy was not considered at all. 
 
Sure, according to our approach the concept of field, has to be revised, and we are to clarify our 
stand point.  
 
To start with, the concept of force is the fundamental concept, to be experimentally relied on; the 
concept of field, though useful, is only an extended concept. It cannot be measured; only force 
can be measured. Two interacting masses exert upon each other a gravitational force, just like 
two interacting charges exert upon each other an electric force.   
 
What we basically do, is to consider the internal dynamics of the entity in hand.  
 
The internal dynamics of the given entity does not only weaken when gravitationally bound to a 
celestial body, but also, say in the case of a charged particle, such as an electron or a muon, 
electrically bound to a charged object, such as a nucleus. 
 
Then, the internal dynamics of an electron bound to a proton, must weaken as much as the 
binding energy coming into play. 
 
Well, what is the internal dynamics of an electron? We do not know. So far, no one knows. But 
the electron must have an internal dynamics. The electron cannot be reduced to just a point. It 
has a mass and a charge. These cannot be reduced to an imaginary point.  
 
We may not know what the internal dynamics of an electron consists in. Nonetheless, we can 
well consider a muon, instead. This particle is unstable. It sure has a certain internal dynamics.  
 
Thus, what we claim is that, when bound, due to the energy conservation law, the internal 
dynamics of a muon must weaken, as much as the binding energy coming into play. Such a 
weakening must concurrently cause the retardation of muon’s decay. 
 
Just like any other internal dynamics, the muon’s internal dynamics too, constitutes a clock; let 
us call it a “muon clock”. It can be sensed via the muon’s  decay rate.  
 
According to our approach, muon’s decay rate must slow down in an electric field, just like it is 
expected to slow down in a gravitational field. 
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That is the heart of the present approach. 
 
Thus, we can already assert the following occurrences we have pinned down, though mostly in 
relation to simple cases. 
 
Theorem 1:  The energy conservation law requires that, a particle at rest, when embedded in a 

field, it interacts with, must discharge an amount of energy equal to the binding 
energy coming into play. Likewise, as the bound particle is carried out of the field 
in consideration, it will pile up, an amount of energy equal to its binding energy, 
which is in fact, the energy one has to furnish to the particle, in order to remove it 
out of the field.   

 
Theorem 2: The energy conservation law, in the broader sense, drawn by the relativistic 

equivalence between mass & energy, requires that the “rest mass of a particle”, 
when embedded in a field, the particle interacts with, decreases as much as the 
binding energy coming into play. 

 
Theorem 3:  Any internal dynamics the particle may embody, along with a given mass ¥0m , 

which we call “clock mass”, must accordingly, slow down. Thus, the frequency 
associated with a given internal phenomenon is red shifted as much as 

)/( 2
oB cE1 ¥- m , where BE  is the binding energy coming into play. This result is 

the same as the red shift predicted by the general theory of relativity, were the 
particle embedded in a gravitational field, though it is obtained through a totally 
different set up than that of thelatter theory. The corresponding period of time is, 
accordingly, stretched as much as [ ])/(/ 2

oB cE11 ¥- m . This result is the same as 
that related to the clock retardation predicted by the general theory of relativity, 
were the particle, still embedded in a gravitational field.   

 
The foregoing theorems are derived based on plain insights and practical checks, although they 
are not general and rigorous. We will improve our approach by providing soon a mathematically 
sound and general quantum mechanical theorem.  
 
But before this, it is worth to review the way we conceive the notion of “field”.  
 
We should stress that, the “energy” delineated by two masses or two electric charges, according 
to our approach, is not way materialized by the surrounding space, but only by the “internal 
dynamics” of the charges of concern.     
 
What is essential is the “Coulomb Force reigning in between two static charges”, or the “Newton 
Force reigning in between two static masses”, or anything as such.  
 
Let us elaborate on this. Let us first consider the Coulomb Force. 
 
The frame of Coulomb Force is essential in two ways: i) the electric charges are Lorentz 
invariant, and ii) the 1/distance2 dependency of the Coulomb Force between two static charges, is 
imposed by the special theory of relativity. Thus Coulomb Force, as it is, but reigning between 
only two static electric charges, is thoroughly compatible with the special theory of relativity [6].  
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The same holds for gravitational masses, with the difference that, here the masses are obviously 
not Lorentz invariant, but the product [(universal gravitational constant) x (mass one) x (mass 
two)] appearing on the denominator of the Newton’s force expression, is well Lorentz invariant. 
Here again, the 1/distance2 dependency of the Newton’s Force between two static masses, is 
imposed by the special theory of relativity. Thus Newton’s Force, as it is, but reigning between 
only two static masses, is thoroughly compatible with the special theory of relativity [7]. 
 
It seems that any other force law, must be built on similar characteristics. 
 
To simplify the presentation, let us continue on the basis of Coulomb’s Law.    
 
What is believed so far is that Coulomb’s force holds, if the source charge is static, regardless 
whether the test charge is at rest or in motion. However, we discover that, this is not so; if the 

test charge is in motion, then Coulomb’s force is decreased by the factor 2
0

2
0 cv1 /- [6]. 

  
This occurrence drives us to consider the electron (contrary to what has been so far done) not in a 
simplistic way; we sympathize by the fact that, the electron is generally considered as a “point-
like particle”. It must be obvious though, as tiny as it may be, the electron cannot be reduced to a 
point, given that a “point” cannot be a “material being”. Thus it is pointless to consider the 
electron as a point-like particle. The electron must embody an “internal dynamics”, just like any 
other particle. Perhaps its “mass” is simply the “internal energy” of the “electric property”, 
which we call “electric charge”. This internal energy, is thus to be associated with (how ever it 
may be), the internal dynamics delineated by the electric charge. 
 
When the electron is bound, say, to a proton, its internal dynamics is then (as a requirement of 
the energy conservation law), slown down, as much as the binding energy coming into play, 
assuming for simplicity that the proton (being much more massive than the electron), is not 
affected by the process of binding.  
 
Our claim regarding the weakening of the internal dynamics of the bound electron can be 
checked right away through the reverse process (just the way we proceeded with the hydrogen 
atom vis-à-vis a gravitational field). 
 
Suppose then we propose to bring back to infinity, the bound electron. Accordingly, we have to 
furnish to it, an amount of energy equal to its binding energy (still supposing that, moving away 
the electron, would not disturb, the proton). The two particles, forming a “closed system”; 
furnishing energy to the electron, owing to the energy conservation law, will increase the internal 
energy, thus the rest mass of the latter.  
 
In other words, when entirely detached from the interaction domain, with the proton; the 
electron’s rest mass would then get increased as much as the energy we would have furnished to 
it, i.e. by an amount equal to its original binding energy.  
 
Hence, the free electron is not anymore the previous bound electron, or vice versa, the bound 
electron is not anymore the same as the free electron. It is indeed hard to accept that it would be, 
given that one cannot make an omelet, and keep the eggs as they are, prior to cooking!  
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The bound muon decay rate retardation, that we will consider herein seems to be an experimental 
proof of our assertion. 

 
One still would question, “How the interaction between the proton and the electron occurs, if 
their respective energy is not spread in the surrounding space”; we have worked that out 
elsewhere [6]. 
 
GENERAL QUANTUM MECHANICAL THEOREM 
 
Let us now give a rigorous prove of the above theorems we have drawn above, based on rather 
simple considerations. 
 
In order to do that, we demonstrate the following general quantum mechanical theorem, in e 
Appendix A 
 
For a “real” atomistic or molecular wave-like object, i.e. a wave-like object existing in nature, 
we have shown elsewhere [8] the following theorem, first, on the basis of the Schrodinger 
Equation, as complex as this may be, then on the basis of the Dirac Equation, whichever may be 
appropriate, in relation to the object in hand. A “real” atomistic and molecular wave-like object, 
involves a potential energy, whose appearance is imposed by the special theory of relativity, just 
like a “Coulomb Potential energy” or, a “Newton Potential energy”, or anything as such. Thence, 
even a relativistic Dirac description embodying potential energies made of potential energies 
other than the mentioned potential energies, may not represent a “real” description, for such an 
object. 
  
Theorem 4: Consider a relativistic or non-relativistic quantum mechanical description of a given 

object, depending on whichever may be appropriate. The description excludes 
“artificial potential energies” (which may otherwise lead to incompatibilities with 
the special theory of relativity). It is supposed to be based on J particles, 
altogether. If then masses mj0, j = 1, …, J, involved by this description, are overall 
multiplied by the arbitrary number g , the following two general results are 
conjointly obtained:  

 

                        a)  The total energy E0 associated with the given clock’s motion of the object, is 
increased as much, or the same, the period T0, of the motion associated with 
this energy, is decreased as much.        

 

b) And the characteristic length, or the size 0R  to be associated with the given 
clock’s motion of concern, contracts as much.  

 

                         In mathematical words this is:     

      [(mj0, j = 1,…, J) ®  ( gmj0, j = 1,…, J)]   
   [( E E0 0® g ),  [ 0T
g

® 0T
], ( 0R

g
® 0R

)].         (23)  
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What this theorem fundamentally says, is that, if an object ever experiences, for instance an 
overall mass decrease, then its total energy weakens as much, yielding a stretching of the period 
of its internal motion framed by the total energy in question, which should be considered quite 
understandable. 
 
Next we define a quantity called the “clock mass” M0; it is a compound mass carrying the 
internal dynamics of the object; it is manufactured based on different masses embodied by the 
object in hand; thus multiplying these masses by � , alters M0 just as much. 
 
Eq.(1) immediately yields the invariance of the quantity 2

000ME R . This is remarkable, since this 
quantity, is as well, Lorentz invariant (were the object brought into a uniform translational 
motion). 
 
We further show that, the quantity 2

000ME R  is necessarily “strapped” to the square of the Planck 
Constant, h2 (being proportional to it, through a rather complex, dimensionless, and 
relativistically invariant quantity, which is somewhat a characteristic of the bond structure of the 
wave-like object in hand).1 
 
We call this occurrence, the UMA (Universal Matter Architecture) Cast, disclosing already many 
structural properties, otherwise left obscure since several decades [9,10,11].  
 
Note that primarily what we do is not a “dimension analysis”;  2

000ME R  would anyway not be 
invariant in regards to a mass change, if the wave-like object in question were not “real”, though 
of course, dimension-wise there would still be no problem.  
 
Our finding further holds for nuclear wave-like objects embodying a potential term made of “real 
potentials” [8].  
 
Anyhow it ought to, since as we just pointed out, the quantity 2

000ME R  happens to be Lorentz 
invariant, which makes that the special theory of relativity, stringently imposes an interrelation in 
between 0E , 0M  and 0R  (and this, already at rest), which is precisely the proportionality of 

2
000ME R , to a Lorentz invariant universal constant, i.e. 2h . 

 
The mass increase we introduced above, may very well not be all the way arbitrary, and this is 
indeed what one experiences for instance, when a clock is removed out of a gravitational field; 
its rest mass, following our claim, as required by the special theory of relativity [12], should be 
increased as much as the binding energy the object displays vis-à-vis the host celestial body of 
concern (just like the mass of the hydrogen atom is increased, as the electron is removed away 
from its orbit around the proton). The unit time displayed by the internal dynamics of the object 
in hand, were this a wave-like clock, according to our Theorem 1, should then be altered as 
much. This is exactly what happens in the scope of the general theory of relativity [5]. 
 
According to our approach, the same phenomenon would occur, in exactly the same way, for 
ionized wave-like clocks in an electric field, or for wave-like clocks bearing an electric dipole, 
still in an electric field, or for wave-like clocks bearing a magnetic dipole in a magnetic field 
[13].  
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Similarly, if a muon is bound to a proton, its half life should quantum mechanically stretch, as 
much as its binding energy. This happens, to our knowledge, something totally overlooked. 
 
CALCULATION OF THE MUON DISINTEGRATION HALF LIFE 
 
Keeping temporarily aside the relativistic effect due to (had we assumed so) the motion of the 
bound muon around the nucleus, and assuming that such a muon preserves its original identity 
(besides, its internal dynamics’ frequency weakens); for the bound muon, based on Theorem 1, 
we can write 
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in this relationship 0T  and T represent the decay half lives of respectively the free muon and that 
of the bound muon; EB is the binding energy of the muon to the nucleus of concern.  
 
Here 0m , should be the mass of the free muon, supposing that, the negative electric charge of the 
muon is distributed uniformly to its entire mass, and that the muon internal dynamics is altered 
accordingly, when bound to a nucleus.  
 
However this may not be true. Indeed what is bound to the positively charged nucleus, should 
most likely be the “muon’s electron”, and not the “muon” as a whole. This muonic electron 
should then pull, the neutrino and the antineutrino, together with itself, to the binding state.  
 
Hence, 0m  should be considered as the highly energetic electron’s mass inside the muon. 
 
Note that there seems to be six different channels of decay of the muon [14]. So the constituents 
of the muon (supposing that these, acquire their identities inside the muon, at least, prior to the 
decay), should really depend on these channels. The one we just considered, is the main decay 
channel. 
 
We do not know beforehand how, the energy subtracted from the muon’s electron (through the 
binding process), shall ultimately be accounted by various constituents of the muon. 
  
However, if we were allowed to reason based on the decay data regarding the main decay 
channel; the mass of the electron in the free muon, can be guessed to be [0.5 x the mass of the 
free muon] [8].  
 
It should be this electron’s mass alone (and not the muon as a whole), which exhibits a mass 
deficiency through the binding process of the free muon, to the nucleus in consideration. In other 
words, we come to expect that the electron’s mass, inside the bound muon will decrease as much 
as the muon’s binding energy. 
  
One may check this guess by comparing the binding energy of the muon to the nucleus, with the 
measured energy shift of the electron thrown from the bound muon, as referenced to the energy 
of the electron thrown from the free muon [8]. The match is indeed very satisfactory, chiefly for 
heavy nuclei. 



 13 

 
Thus we can conclude that, basically the weakened dynamics of the electron inside the muon, 
slows down the disintegration of the muon in accordance with Eq.(2).    
 
Now, we can express EB (the binding energy of the muon) for the ground state, based on the 
Bohr-Sommerfeld, or here the same, the general Dirac Model, with the familiar notation; 
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m0m  is the muon’s rest mass, Z0 the atomic number of the nucleus of the hydrogen-like 

muoatom, binding the muon, e the electron’s charge; �  is the fine structure constant; it is 
supposed that the atom is in its ground state.  
Note that Eq.(3) is obtained by expending the rigorous result in power of 22Z a , but the 
difference in question remains negligible for the region 85Z1 <£ , within which the 
experimental data is collected. 
 
The electron’s mass in the free muon can be expressed as [f m0m c2], f following our claim, being 

0.5. (Thus 0.5 m0m  is the effective mass of the electron, responsible of the binding of the muon.) 

 
a  is  
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The denominator g, of Eq.(2), thus becomes 
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Next, we have to take into account the time dilation due to the rotation of the muon around the 
nucleus (had we presumed so); this is 
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here v the rotational speed of the muon in consideration; it is evaluated through the Bohr-
Sommerfeld approximation, which should be expected to be quite satisfactory for light nuclei; 
for heavy nuclei, quantum effects must be expected to come into play, and it is pointed out that, 
Eq. (6) is generally an approximation.15  
 
Anyway, the overall decay half life T of the bound muon, through Eqs. (2), (3), (4) and (5), quite 
satisfactorily, becomes  
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               (for the muon bound to the ground state) . 
 

It is interesting to note that this expression does not depend on the muon’s mass. 
  
Thus, if the electron bears any internal mechanism, the above expression would well tell us how 
this mechanism would slow down, when the electron is in a bound state. (f, though in this case, 
should be taken as unity.)  
 
CHECK AGAINST EXPERIMENTAL AND PREVIOUS THEORETICAL  RESULTS 
 
We were totally uninformed, in regards to preexisting experimental results, and we are more than 
happy to discover that our prediction about the bound muon decay, matches quite well with the 
experimental results [ 8,9]. Moreover our prediction at a first strike, appears to be much better 
than previous predictions made so far, no matter how sophisticated, also inevitably cumbersome 
these may be. 
 
The predictions in question, handle the retardation of the decay process through i) a semiclassical 
approach, which embodies the “phase space effect” (consisting in the reduction of the volume of 
phase space of the muon decay products, because of the binding), the classical “relativistic time 
dilation effect”, and “the electron Coulomb effect” (consisting in the attraction exerted by the 
binding nucleus, on the muonic electron) , and ii) sophisticated quantum mechanical approaches.  
 
It would be interesting to compare quickly our prediction (Author) [cf. Eq.(5)], with the 
semiclassical (SC) results, exempt of time dilation effect: 
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1 a-@g              (for light Z0),      (8) 
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SC Z158.0 a-@g     (for heavy Z0),      (9) 

 
 2

0
2

Author Z1 a-@g               (for all Z0).                       (10) 
 
Other predictions are so complicated that, they bear no easy series expansions. 
 
In Figure 1 we present the experimental data, and the results of previous calculations (decay rate 
normalized to the decay rate of the free muon, versus the atomic number), achieved to clarify 
these data. Curve A is a semiclassical calculation including the time dilation effect. Curve B is 
the same for a Gaussian muon wave function. Curve C is a semiclassical calculation of the time 
dilation effect alone. Curve D is an interpolation from an anterior calculation achieved by 
Gilinsky and Mathews.16 Curve E is interpolated from the calculations achieved by Huff.9 The 
experimental results are achieved by Yovanovitch, Barrett, Holmstrom, Keufel, Lederman and 
Weinrich [17,18,19].  
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In Figure 2 we present our prediction, as the denominator of the RHS of Eq.(7), versus the 
atomic number, together with the corresponding data in hand. We also sketch separately, g of 
Eq. (5), versus the atomic number, since this constitutes the basis of our claim.  
 
The match of our prediction with data, indeed seems successful. 
 
Analyzing the validity of various proposed contributions, up against that we developed herein, 
though, constitutes the topic of a subsequent article. 
 
 
 
 
 
 
CONCLUSION 
 
On the whole, clearly our prediction’s match with data, is much better than that of other 
predictions, and constitutes a fundamental explanation to bound muon decay rate retardation.  
 
Our approach however embodies a totally different philosophy than that of others. It is 
surprisingly simple, whereas other predictions are quite complex.  
 
It is also amazing to note that we came to predict the retardation of the decay of bound muons, 
through our Theorem 1, which as well yields the end results of the general theory of relativity 
(and this, without having to assume the authentic “principle of equivalence”) [6,7].  
 
Thus excitingly enough we come to state that just like “mass”, “electric charge” too, slows down 
clocks, interacting with the electric field in question. 
 
This fact induces the metric change nearby a nucleus, just like the metric change nearby a 
gravitational source. 
 
Note that the data embody a peak near iron. Our approach did not predict it. Yet neither could the 
previous attempts. It is suspected that this may be due to the large background of low energy 
gamma rays associated with accompanying inelastic muon capture events. 
 
It is worth to emphasize the following interesting piece of information. It is that the bound 
muon’s mass is reduced (as much as the muon’s binding energy), as compared to the free muon’s 
mass. The mass-energy equivalence drawn by the special theory of relativity, or the same, the 
energy conservation law in the broader sense, indeed imposes such an occurrence [cf. Eq.(2)]. 
 
This means that just likewise, the bound electron’s mass should be smaller than the free 
electron’s mass, and this as much as binding energy, coming into play. 
 
This seems quite trivial, but very much against the general wisdom, since neither Dirac nor 
anyone else after him, dared to alter the mass of the bound electron. Taking it into account, 
strikingly induces the change of the metric nearby the nucleus.20 
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APPENDIX A 
 

PROOF OF THE THEOREM 4 OF THE TEXT 
 

Herein we will prove the Theorem 4 of the text. 
 
Theorem 4: Consider a relativisitc or non-relativisitic quantum mechanical description of a 

given object, depending on whichever may be appropriate. The description 
excludes “artificial potential energies” (which may otherwise lead to 
incompatibilities with the special theory of relativity). It is supposed to be based 
on J particles, altogether. If then masses mj0, j = 1, …, J, involved by this 
description, are overall multiplied by the arbitrary number g, the following two 
general results are conjointly obtained:  

 

                        a)  The total energy E0 associated with the given clock’s motion of the object, is 
increased as much, or the same, the period T0, of the motion associated with 
this energy, is decreased as much.        

 

c) And the characteristic length, or the size 0R  to be associated with the given 
clock’s motion of concern, contracts as much.  

 

                         In mathematical words this is:     

      [(mj0, j = 1,…, J) ®  (gmj0, j = 1,…, J)] 
  [( E E0 0® g ),  [ 0T
g

® 0T
], ( 0R

g
® 0R

)].         

(23) 
 
Let us accentuate that, if the object is, say an atom, then 0�  is (no matter how this is defined) the 
radius of it; if the object is a diatomic molecule, 0�  is the internuclear distance, etc; 0� , in fact, 
may be just any length one may pick, within the framework of the object in hand, and Theorem 
1, as can be shown, shall still be valid.  
 
Proof of The First Part of Theorem 1 
 
For our purpose, we consider the (time independent) Schrödinger Equation, i.e. with the familiar 
notation, written for an atomistic or a molecular object composed of J nuclei, of respective 
masses mj0, j = 1,…, J, and I electrons (altogether), of (the same) mass mi0, i = 1,..., I: 
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E0 is the eigenvalue, and )r( 00y the related eigenfunction; Zj0 is the atomic number of the jth 
nucleus; rij0 is the distance between the ith and the jth particles.  
 
Thus multiply all, the (same) electron masses mi0 (i = 1,..., I), and the nuclei masses mj0 (j = 1,…, 
J), in Eq.(1), by g; the eigenfunction and the related eigenvalue will accordingly be altered: 
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This is the same as 
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Let now                                             
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we have               

.
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Eq.(3) thus becomes                                                                                 
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Dividing by 2g , and using Eq. (4), this yields 
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In comparison with Eq.(1), we can deduce at once that  
 

   0E
E

=
g

 0EE g=
    (c.q.f.d.) .              

(10) 
 
Thus, we achieved the demonstration of the first part of Theorem 1.  
 
 
Proof of The Second Part of Theorem 1 
 
Next we focus on a size of interest � 0 (i.e. as we just pointed out, the “size of an atom”, anyway 
we would like to define it, or the “internuclear distance” in a diatomic molecule of concern, or 
whatever), to be associated with the wave like object in hand. � 0 shall be determined based on 
the solution of Eq.(1). Following the mass perturbation, � 0 becomes � 0new, and this latter shall 
be found based on the solution of Eq.(2). According to Eq.(4), � 0new is transformed into� � , so 
that � = new0�g . (Note that according to this equation, any distance, say 0r  we would consider, 

becoming onewr  due to the mass change, is transformed into r, so that onewrr g= . Thus the 
derivation presented herein, in fact holds for any distance, thence also for a given specific 
distance � 0 we would pick up.)  
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�   is to be determined as the solution of Eq.(9). But since this equation is identical with Eq.(1) 
[along with Eq.(10)], the solution of Eq.(9) in regards to � , is the “original size”  of interest, i.e. 
� 0. 
 

Hence 

0new0 �� =g  ,                 (11) 
 

or the same 

g
= 0

new0

�
�   (c.q.f.d.) .                                                           (12) 

 
This ends the demonstration of Theorem 1. 
 
Though this proof is rigorous, we still happened to attract conservative reactions. For this reason, 
below, we present a cross check of the latter demonstration. To simplify an otherwise heavy 
notation, for the present purpose, we shall consider just the hydrogen atom’s Schrodinger 
description, thus in spherical symmetry, yet without any loss of generality regarding the validity 
of our cross check exercise. 
 
. THE CLOCK MASS 
 
The “clock mass” is a concept we would like to introduce, to represent the “compound mass” 
doing the “clock labor”  of a complex object. One may define different clock masses for the 
same object in regards to different motions this displays.  
 
The clock mass regarding the rotation of the electron around the nucleus, within the frame of the 
Bohr Atom Model, is just me, the electron mass. This is the reduced mass of the proton and the 
electron within the frame of the hydrogen atom’s Schrödinger description.  
 
The clock mass turns out to be the reduced mass � 0, of the atoms regarding the rotational 
motion of a diatomic molecule. In this context the clock mass, is the mass one comes out with, 
when he can reduce the Schrodinger description of a many-body system, to a one-particle 
system. In the case of the vibrational motion of a diatomic molecule, this is more peculiar; the 
clock mass of the vibrational motion thus can be formulated as me (� 0 / me)

1/2 (based on the 
electron mass me), etc;2 On the other hand, the clock mass to be associated with the electronic 
motion of a diatomic molecule, with fixed nuclei, shall be just, a factor x me (the electron mass). 
 
Below we shall denote the clock mass by M0. 
 
Note that since the “clock mass”, is a mass manufactured out of different masses the object 
involves, the mass transformation we considered as the basis of Theorem 1 (we stated above), 
implies that, the clock mass M0 (anyway we choose to define it), undergoes the same 
transformation, i.e. M0 g®  M0.  
 
The clock mass is not an obvious mass, unless the motion of concern is of extreme simplicity. It 
is, as mentioned, rather implied through the elaboration of the quantum mechanical description 
of the object.  
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4. THE INVARIANCE OF THE QUANTITY {{{{ (TOTAL ENERGY) x (CLOCK MASS) x 

(S� ZE)2}}}}  IN REGARDS TO THE CHANGE IN MASS 
 
Via Theorem 1, through the transformation ]M[M 00 g® , the quantity 2

000ME � , becomes 

]][M][E[ 22
000 ggg � , hence remains invariant.  

 
Therefore, we establish at once, our next theorem. 
 
Theorem 2:   The injection of the arbitrary transformation [M M ]0 ® g 0 , into a quantum 

mechanical description, leaves the product 2
000ME �  invariant.    

  
This theorem would not hold, if artificial potential energies are used in our original description, 
i.e. Eq.(1).  
 
Actually, under the overall mass transformation we have considered, we have to note that the 
quantum mechanical invariance of (total energy x mass x length2) holds not only for 0M  and 

0� , but also for any mass m0, together with any piece of length r0, one may pick within the 
framework of the object in consideration. 
 
Furthermore it is interesting to note that, the quantity (total energy x mass x length2), happens to 
be not only a quantum mechanical invariance (regarding an arbitrary mass change), but also an 
invariance delineated by the special theory of relativity (were the object brought to a uniform 
translational motion), as well as an invariance delineated by the general theory of relativity 
(were the object planted into gravitational field).  
 
Anyway, amongst all the possible 2

000 rmE ’s we can compose, based on different masses m0 and 

different pieces of length r0 the object depicts, obviously 2
000ME �  too exhibits the invariances 

in question. 
 
This seems to bear a profound meaning, given that (amongst all possible 2

000 rmE ’s) 2
000ME �  

constitutes a particular composition.  
 
Fundamentally, it is the relativistic invariance of 2

000ME �  which, at the very beginning, 
constituted the seed of our entire work. Thus, our original idea was as follows.  
 
In order to insure harmony with the occurrences dealt with “special theory of relativity”, also 
with the “general theory of relativity”; “mass” (clock mass), “space” (i.e. size) and “time” (i.e. 
period of time), or “energy” (total energy), to be associated with the internal dynamics of any 
entity, must be structured in just a “given way”, 2,7,8,9,21 i.e. the frame displayed by the invariance 
stated in Theorem 2. (Or vice versa, because matter is built in just a given way, clocks brought 
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into a uniform translational motion, or planted in a gravitational field, retard while their masses 
are altered as much, just as expected.) 
 
 
 
 
It is precisely that the special combination 2

000ME � , must be strapped to a Lorentz invariant 
universal constant (and this already at rest). 
 
The fact that any quantity [energy x mass x length2] manufactured out of any given mass, any 
ordinary wall clock of given energy, and any stick meter put together (when brought to a uniform 
translational motion), relativistically remains invariant, does not of course induce any given 
interrelation regarding the three totally independent quantities in question.  
 
But the relativistic invariance of 2

000ME �  is somewhat different, since the three quantities 
coming into play, are already quantum mechanically interrelated; recall indeed that the 
quantity 2

000ME � , already emerges as plainly rooted to the universal (Lorentz invariant) 

constant h2 (encompassed by the description), for all simple quantum mechanical entities. 
 
Therefore, the quantity 2

000ME �  in general, ought to be rooted to h2 (being proportional to it, 

through a rather complex, dimensionless, and relativistically invariant quantity, which is 
somewhat a characteristic of the complex structure of the quantum mechanical object in hand).1 

 
Not to complicate much the grasping of the line we pursue over here, we will elaborate on this 
point, in our subsequent article.  
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