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Abstract 

 
In this paper it is considered the physical meaning of proper times, time dilation, 

Lorentz-FitzGerald contraction and distance, time ageing, time dilation-like and the twin 

paradox conundrum. Connected to the concepts of simultaneity and synchronization, that 

has also been addressed in other previous papers based on the existence of a Preferred 

Frame (designated by Einstein Frame, EF) - where the one-way speed of light is isotropic 

with the two-way value c. Usually in the standard Special Relativity what is considered 

is Einstein simultaneity and Einstein synchronization that has been introduced by Einstein 

in the 1905 article “by definition”. In the standard interpretation simultaneity and 

synchronization are not considered since the Einstein speed of light is considered the 

speed of light. However, in our previous work we have shown that this is a terminological 

confusion, a paralogism. Now, we show, through a designated time ageing mathematical 

expression, that the time dilation expression only is the relation of the ageing of the twins 

when one of the frames is the preferred frame. Time can be dilated or contracted, and 

naturally the ageing is the same when the velocities of the twins are symmetrical in 

relation to the preferred frame. A similar relation is established for the distance 

mathematical expression that is only the Lorentz-FitzGerald contraction expression when 

one of the frames is the preferred frame. This analysis is related to the problem of the 

formulation of distance in the context of acceleration in the twin paradox conundrum. 

Therefore, it is explained why this is so with a very simple concise formalism using two 

clocks in every point of a frame, frame that is moving in relation to the Preferred Frame, 

a synchronized clock, and a Lorentzian clock. The non-equivalence of the frames emerge 

with physical meaning through the analysis of the Lorentz-FitzGerald contraction and 

Larmor time dilation mathematical expressions. Therefore, the twin paradox conundrum 

can be resolved in the context of the formulation of Special Relativity. 

 

 

Introduction 

 
In previous works [1-17] particularly in “The physical meaning of synchronization and 

simultaneity in Special Relativity” [1] it is criticized the approach of Einstein [18] based 

on the postulates of the isotropy of speed light in every frame and the equivalence of 

every frame. Several works, some very recent, point out the importance of this discussion 

about the foundations of Mathematics, Philosophy, Relativity, Quantum Mechanics, 

Cosmology and Biophysics [19-102]. The consequent Principle of Relativity has been 

also considered in the articles “On the Consistency between the Assumption of a Special 

System of Reference and Special Relativity” [10] and “The Principle of Relativity and 

the Indeterminacy of Special Relativity” [12]. In a more recent work “Speakable and 
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Unspeakable in Special Relativity: time readings and clock rhythms” [14] it is referred 

the consequences of these analysis particularly the physical meaning of time dilation and 

Lorentz-FitzGerald contraction mathematical expressions. Also, in the works of Fredrik 

Andersen, Johan Arnt Myrstad, Maurizio Consoli, Alessandro Pluchino, Espen Gaarder 

Haug, Zbigniew Oziewicz, Georgy I. Burde, Manuel Ricou, Chandru Iyer and Gurpur 

Prahbu that are also referred [21, 22, 23-24, 25-27, 33, 37, 38, 41, 44-47, 102]. 

 

 
In two recent comments about the twin paradox [86, 98] we refer our previous work about 

the resolution of the twin paradox conundrum. Now we address with the same token the 

fundamental ideas that originate the paradox, with a very concise formalism. The 

fundamental ideas that differ in relation to the standard approach has been recently 

formulated [99], and by others, considering the existence of a preferred frame [37]. The 

formulation of the standard approach based on the Lorentz transformation is established 

with a change of coordinates of a transformation that we previously designate IST 

transformation [1, 10, 12, 37]. With this conceptual apparatus based on an intrinsic 

desynchronization it is easy to clarify the origin of the conundrum.  

 
“The twin paradox is the consequence of the following thought experiment. System O is 

at rest and system O´ is moving. Therefore, the clock in O´ ticks slower than that in O. 

Thus, for example, if the two clocks are initially synchronized to read t=t´=0, after a 

while they may show t=10 (some arbitrary unit of time) but t´=6. Therefore, an observer 

moving with system O´ will be younger than that in system O. However, as seen by the 

observer in O´, she is at rest and system O is moving away from her. Therefore, according 

to the observer in O´, the observer in O should be younger. This is the foundation of the 

twin paradox, wich is stated as follows: Twin A is on Earth and twin B travels to a distant 

star with a speed close to the speed of light. Afterward, she returns to Earth with the same 

speed. When they reunite, according to twin A, twin B must be younger, but according to 

twin B, twin A must be younger “[97, 101]. The reference to the work of Luise Lange 

[101] perhaps clearly explicit the conundrum. 

 
The paper is organized as follows. 

 
In section I.  Lorentz-FitzGerald contraction and the relation between proper lengths, we 

discover that the relation between distances is no more given by the standard formulation. 

The algorithm that emerge reveal that is dependent also of 𝑣1 the velocity in relation to 

the preferred frame and it is not only dependent of Einstein speed 𝑉𝐸
´ , the relative velocity 

that standard relativity consider the velocity. 

 
In section II. Time ageing, the relation between proper times is obtained. Similarly, to the 

relation between proper lengths we obtain the relation between proper times that is no 

more given by the time dilation expression. It is dependent also of  𝑣1 the velocity in 

relation to the preferred frame. 

 
In section III. Time dilation equation-like between frames S´´ and S´, we obtain a time 

dilation equation-like that standard formulation misinterpret as the relation between 

ageing. 
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In section IV. The ageing of the twin´s conundrum, we show that the relation of ageing 

is dependent of the velocities of the twins, 1 and 2, 𝑣1 𝑎𝑛𝑑 𝑣2,  in relation to the preferred 

frame and therefore it was proven that “seeing the other twin ageing slower” is 

meaningless in this context and corresponds to the symmetric description arising from the 

comparison of the time readings of Lorentzian clocks, whose roots lie in the 

indeterminacy of special relativity. It does not correspond to the clock rhythms and to the 

ageing. The time dilation equation-like continue valid and originates the idea of “seeing 

the other twin ageing slower” – the origin of the conundrum. 

 

 

 

I. Lorentz-FitzGerald contraction and the relation between proper 

lengths  
 

 

Consider in reference frame S´ a section of x´ axis with proper length l1 moving with 

speed 𝑣1 in relation to EF where is located another x axis section of frame S with proper 

length l (Fig.1). 

 

 

 

                       A´´                      l2                       B´´ 

                                                                                → v2 

   

                       A´                       l1                       B´ 

                                                                                → v1 

 

 

                        A                       l                       B 

 

 

                 

Fig. 1 Frame S´ represented by a rod with length l1 is moving with speed 𝑣1 in relation to     

frame S, EF, rod with length l. The extremities of the rods coincide simultaneously 

and therefore, can synchronize clocks at A, A´, A´´ and B, B´, B´´. A twin located at 

A´ we designate by twin A´. The same rule for the other positions. 

                    

 

 

The rod S´ is moving with speed 𝑣1. Since bar S´ is Lorentz contracted (S is at rest in EF) 

we know l1 when the extremities of the rods pass by each other simultaneously, when A´ 

coincide with A and B´ with B as represented in the figure 1. This is the most primitive 

notion of simultaneity that Special Relativity does not ruled out [17, 49, 50, 84]. However 

standard interpretation induce to think that it is impossible to synchronize clocks because 

it is not possible to send a signal from A´ to B´ with infinite speed and since the one-way 

speed of light was not known in frame S´ Einstein postulate that the one-way speed of 

light is also c in S´. In this context this affirmation must be ruled out [25-27]. 

 

Therefore, we have the Lorentz-FitzGerald contraction for 𝑙1 and 𝑙2 
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𝑙1
√1 −

𝑣1
2

𝑐2
= 𝑙2

√1 −
𝑣2

2

𝑐2
= 𝑙         (1) 

 

Introducing in (1) Einstein velocity [99] 

 

 

𝑉𝐸
´ =

𝑣2 − 𝑣1

1 −
𝑣1𝑣2

𝑐2

            (2) 

 

we obtain 

 

 

𝑙2 =
𝑙1(1 + 𝑉𝐸

´ 𝑣1

𝑐2)

√1 −
𝑉𝐸

´ 2

𝑐2

     (3) 

 

 

II. Time ageing 
 

When twin A´´ pass by twin A´ (see fig. 1) the respective clocks initiated simultaneously 

marking zero and, simultaneously, the same for twin’s clocks B´´ and B´. Therefore, when 

twin A´´ pass by B´ the respective clocks, A´´ and B´, mark 𝜏´´ and 𝜏´, the respective 

proper times between the events, the ageing of the twins. Similarly of the relation between 

lengths we obtain the relation between proper times since the time dilation is 

 

 

𝑑𝜏´´ =  𝑑𝑡  √1 −
𝑣2

2

𝑐2
                (4) 

 

 

𝑑𝜏´ =  𝑑𝑡  √1 −
𝑣1

2

𝑐2
                  (5) 

 

 
𝑑𝜏´´

√1 −
𝑣2

2

𝑐2

=
𝑑𝜏´

√1 −
𝑣1

2

𝑐2

= 𝑑𝑡     (6) 

 

 

and similarly, as we obtain for the length contraction previous result (3), we obtain the 

equation  
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𝜏´´ = 𝜏´

√1 −
𝑉𝐸

´ 2

𝑐2

1 + 𝑉𝐸
´ 𝑣1

𝑐2

                          (7) 

 

 

Only for 𝑣1 = 0 we obtain the time dilation equation. The frames are not equivalent [33]. 

 

 

III. Time dilation equation-like between frames S´´ and S´ 
 

 

Twin A´´ is moving with Einstein velocity 𝑉𝐸
´  and velocity 𝑉´ with [99] (see (10)) 

 

 

𝑉´ =
𝑣2 − 𝑣1

1 − 𝑣1
2                       (8) 

 

 

We have from (2) and (8) 

 

 

𝑉´ =
𝑉𝐸

´

1 + 𝑉𝐸
´ 𝑣1

𝑐2

                 (9) 

and 

 

𝑑𝑥´ = 𝑉𝐸
´ 𝑑𝑡𝐿

´ = 𝑉´𝑑𝑡´ = 𝑉´𝑑𝜏´                    (10) 

 

 

Therefore from (7), (9) and (10) 

 

 

𝑑𝜏´´ = 𝑑𝜏´

√1 −
𝑉𝐸

´ 2

𝑐2

1 + 𝑉𝐸
´ 𝑣1

𝑐2

= 𝑑𝑡𝐿
´ √1 −

𝑉𝐸
´ 2

𝑐2
      (11) 

 

 

Therefore, we obtain a time dilation equation-like that standard formulation misinterpret 

as the relation between ageing  

 

 

𝑑𝜏´´ = 𝑑𝑡𝐿
´ √1 −

𝑉𝐸
´ 2

𝑐2
      (12) 

 



6 

 

 

It is not. Since [1, 10, 11, 37, 99] 

 

 

𝑡𝐿
´ = 𝑡´ −

𝑣1

𝑐2
𝑥´                              (13) 

 

only for 𝑣1 = 0 

𝑑𝑡𝐿
´ = 𝑑𝑡´ = 𝑑𝜏´                           (14) 

 

 

Therefore, we have for the general case, that standard interpretation is unable to consider 

 

𝑑𝜏´ = 𝑑𝑡´ = 𝑑𝑡𝐿
´ (1 + 𝑉𝐸

´
𝑣1

𝑐2
)    (15) 

 

The change of Lorentzian time result from a proper time variation and the 

desynchronization of the Lorentzian clocks as (10), (13) and (15) reveal. 

 

 

IV. The ageing of the twin´s conundrum 

 

 
Since 

 

𝑑𝜏´´ = 𝑑𝑡𝐿
´ √1 −

𝑉𝐸
´ 2

𝑐2
        (16) 

 

we have 

 

 

𝑑𝜏´´ < 𝑑𝑡𝐿
´                            (17) 

 

 

 

But we have also from (11) 

 

 

𝑑𝜏´´ = 𝑑𝜏´

√1 −
𝑉𝐸

´ 2

𝑐2

1 + 𝑉𝐸
´ 𝑣1

𝑐2

       (18) 

 

 
and  
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𝑑𝜏´´

𝑑𝜏´
=  

√1 −
𝑣2

2

𝑐2

√1 −
𝑣1

2

𝑐2

 =

√1 −
𝑉𝐸

´ 2

𝑐2

1 + 𝑉𝐸
´ 𝑣1

𝑐2

   (19) 

 

Therefore, when |𝑣2| > |𝑣1| 
 

 

𝑑𝜏´´ < 𝑑𝜏´         (20) 

 
and when |𝑣2| < |𝑣1|  
 

 

𝑑𝜏´´ > 𝑑𝜏´         (21) 

 

If 𝑣2 = −𝑣1 

 

𝑑𝜏´´ = 𝑑𝜏´         (22) 

 

 

The relation of ageing is dependent of the velocities of the frames in relation of the 

preferred frame and therefore it was proven that “seeing the other twin ageing slower”, 

inequality (17), that standard relativity affirm based on (16), a time dilation-like 

mathematical expression, is meaningless in this context.  

 

Conclusion 
 

Finally, we would like to underline the following. The standard interpretation of special 

relativity pretends to assign a physical meaning of real ageing to assertions like “during 

the onward trip Bob sees Andrew ageing slower, Andrew himself also sees Bob ageing 

slower, but the change in inertial frames correct symmetry, as a result of relativity of 

simultaneity, and makes it in the end that Bob is younger when the twins meet.” The 

standard interpretation of general relativity pretends to assign a physical meaning to 

sentences like “during the turnaround period Bob sees Andrew ageing very quikly 

because he sees him under the effect of a gravitational field at a higher gravitational 

potential.” These are erroneous interpretations of correct mathematical results [43, 100]. 

One message we want to convey regarding the twin paradox is that such discourse is no 

longer tolerable and should become “unspeakable”: it was proven that “ seeing the other 

twin ageing slower” is meaningless in this context and corresponds to the symmetric 

description arising from the comparison of the time readings of Lorentzian clocks, whose 

roots lie in the indeterminacy of special relativity. It does not correspond to the clock 

rhythms and to the ageing of the twins.  
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