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Abstract 

 
In this paper it is reconsidered the physical meaning of Einstein´s Relative 

Simultaneity, based on the results obtained previously in the context of the meaning of 

simultaneity and synchronization that has also been addressed in several other papers. 

 In the standard Special Relativity, usually, simultaneity and synchronization is 

considered with the Einstein one-way speed of light that has been introduced by Einstein 

in the 1905 article “by definition”. In the standard interpretation the one-way speed of 

light is 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. 

Now it is addressed Einstein´s Relative Simultaneity 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. We previously obtain 

an expression that shows an intrinsic desynchronization of Lorentzian clocks in every 

frame except in the preferred frame where the one-way speed of light is isotropic. 

Therefore, we designate the preferred frame by Einstein Frame (EF). Allegedly the 

conventionality of the one-way speed of light originate the conventionality of 

simultaneity. Therefore, we clarify the meaning of simultaneity and Einstein´s Relative 

Simultaneity concluding that Einstein´s Relative Simultaneity is not simultaneity except 

in EF. Simultaneity is not relative. However, we conclude that Einstein´s Simultaneity is 

relative since Lorentzian clocks are desynchronized except in EF. 

 

 

Introduction 

 
In previous works [1-16] a broad approach of Special Theory of Relativity (STR) 

has been formulated. The implications of this approach in the interpretation of Einstein´s 

Relative Simultaneity is now considered. In Special Relativity the problem of the physical 

meaning and the experimental determination of the one-way speed of light has been 

debated since the emergence of the theory when Maxwell discovered the wave equation 

in his equations of the Electromagnetic Field. The similitude of the value of the speed of 

propagation of the waves obtained theoretically with the experimental value early 

obtained by Römer, Bradley, Fizeau, Foucault, naturally convinced Maxwell that the 

speed of light must be related with the theoretically description he obtained.   This is the 

origin of the idea of the independence of the speed of light of the speed of the source 

sometimes misinterpreted as implying that the speed of light is the same in every frame. 

For sure one of the postulates of STR based on experience and theoretical reasoning is 

that the speed of light is isotropic in vacuum independently of the speed of the source in 

one frame that we previously designate by Einstein Frame (EF) [6, 7]. Another postulate 

of special relativity based on the experiences of Michelson-Morley-Miller is that the two-

way speed of light in every frame is the same in every direction in vacuum with the value 
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c obtained experimentally (although the experiment has been originally performed in air 

and does not give a null result, but it has been assumed initially that air does not interfere 

[17] (see Irvine experiment)). Therefore, the value of the one-way speed of light in EF is 

also c. From these postulates without invoking the constancy of the one-way speed of 

light Special Relativity has been constructed initially by FitzGerald, Larmor, Poincaré 

and Lorentz with a constructive theory based on experience interpreted with the 

assumption of a privileged frame where the one-way speed of light have the value c [9-

13, 16, 18]. In our previous works based on these postulates we conciliate the analysis of 

Einstein based on a Principle theory [19] with the Lorentz-Poincaré approach [1-16]. 

Several works, some very recent, point out the importance of this discussion about the 

foundations of Relativity, Quantum Mechanics, Cosmology and Biophysics [1-95]. The 

articles “Special Relativity, The Preferred Frame and the Relativity Principle”,  

“Simultaneity and Synchronization, The Preferred Frame and the Principle of Relativity” 

and “A Motion Paradox from Einstein’s Relativity of Simultaneity” also address 

Einstein´s Relative Simultaneity conceptualization in the context of the intrinsic 

desynchronization of Lorentzian times 𝑡𝐿
´  [9, 11, 23-25, 35, 88, 89].  

 

In section I we consider two rods designated by S and S´ [51, 52]  moving relatively to 

each other longitudinally and we obtain the one-way speed of light and the Einstein speed 

of light, simultaneity, and Einstein´s simultaneity. 

 

In Ia we consider the rod S´ with length l1 moving with speed 𝑣1 in relation to EF where 

is located rod S with proper length l0. The rod S´ is moving longitudinally in the same 

direction defined by the rods. Since the rod S´ is Lorentz contracted (S is the EF) [2] we 

know l1 when the extremities of the rods pass by each other simultaneously. This is the 

most primitive notion of simultaneity that Special relativity does not rule out [2-16, 18-

29, 73]. Consequently, we can calculate the one-way speed of light in S´ confirming that 

it is not c. Of course Einstein one way speed of light is c by definition since the Lorentz 

clock at the extremity of the rod is desynchronized of the clock synchronized, the clock 

has been desynchronized conveniently with the condition that light arrives to the 

extremity of the rod where a clock is waiting marking l1/c. Therefore, both values of the 

“speed of light” are true and must be observed if not the theory collapse. From the one- 

way speed of light and from Einstein´s speed of light we obtain the intrinsic 

desynchronization of Lorentzian clocks.   

 

In Ib it is considered the emission of light from the extremities of the rods, A, B, A´ and 

B´ when A´ pass by A and B´ by B, simultaneously. However, the spherical waves of 

these emissions in frame S´ does not “fly by” an observer in the middle of A´B´ 

simultaneously. Einstein definition of simultaneity is introduced, and the standard 

conclusion is that Einstein´s simultaneity is relative. From the intrinsic desynchronization 

of the Lorentzian clocks the conclusion is unavoidable, Lorentzian clocks in two locations 

aren’t synchronized except in EF. 

 

 

I.  Simultaneity and Einstein´s Relative Simultaneity by rods. 

 

Ia. Intrinsic desynchronization of Lorentzian clocks. 

 

Consider a rod S´ [51, 52] with proper length l1 moving with speed 𝑣1 in relation to EF 

where is located another bar S with proper length l0 (Fig.1). 
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                                                                                → v1 

   

 

                        A                       l0                       B 

 

 

                 

                Fig. 1 Rod S´ is moving with speed 𝑣1 in relation to rod  

                   S at rest in EF. The extremities of the rods coincide simultaneously    

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

 

 

The rod S´ is moving with speed 𝑣1. Since the bar S´ is Lorentz contracted (since S is at 

rest in the EF) we know l1 in function of l0 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. 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´ [3, 16, 19]. In this context this affirmation must be 

ruled out [4]. 

 

Indeed, we can calculate the one-way speed of light at S´. 

 

We have 

 

                 𝑙1 =
𝑙0

√1− 
𝑣1

2

𝑐2

     (1) 

 

From the origin of S´ (A´) it is emitted a ray of light in the direction of the extremity B´ 

of S´ when A´ pass by A. This ray of light moves in the EF with speed c. Therefore, we 

can calculate the coordinate x where the ray of light intercepts the extremity B´ 

 

               𝑥 = 𝑙0 + 𝑣1𝑡   (2) 

 

 

                𝑥 = 𝑐𝑡            (3) 

 

 

                 𝑡 =
𝑙0

𝑐−𝑣1
         (4) 

 

Since S´ is moving with speed 𝑣1 in relation to EF we have the Larmor time dilation [11, 

13, 16, 18] 

 

      

                 𝑡´ = 𝑡√(1 −
𝑣1

2

𝑐2 )             (5) 
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From (4) and (5)  

 

 

                 𝑡´ =
𝑙0

𝑐−𝑣1
√(1 −

𝑣1
2

𝑐2 )         (6) 

 

 

Therefore, we obtain the one-way speed of light in S´ 

 

 

                  𝑐+ =
𝑙0

√(1−
𝑣1

2

𝑐2)

×
𝑐−𝑣1

𝑙0
×

1

√(1−
𝑣1

2

𝑐2)

          (7) 

           

                  𝑐+ =
𝑐−𝑣1

1−
𝑣1

2

𝑐2

=
𝑐

1+
𝑣1
𝑐

             (8) 

 

As expected, the one-way speed of light is not c. Only in a first order 

approximation is c and we obtain the Galileo approximation 𝑐 − 𝑣1for a second order 

approximation. 

  Consider now Einstein’s one-way speed of light. By definition Einstein has 

defined “Einstein synchronization” by a clock at x´ (the generic coordinate of B´) marking 

x´/c and awaiting the arrival of the ray of light emitted at (𝑥´ = 0, 𝑡𝐿
´ = 0) to initiate. This 

time is the Lorentzian time 𝑡𝐿
´  and of course x´/𝑡𝐿

´ = 𝑐, it cannot be otherwise [2-4]. Since 

t´= x´/𝑐+
´ = (x´/c) (1+𝑣1/c) we have 𝑡𝐿

´ =t´- (𝑣1/c2) x´.  Since the clocks marking t´ are 

synchronized the clocks marking 𝑡𝐿
´  are desynchronized. Note that the one-way speed of 

light that preserve the value c for the two way of light is the harmonic mean of  𝑐+
´  and 𝑐−

´  

[30] given by 

                    𝑐±
´ =

𝑐

1±𝛼
𝑣1
𝑐

             (9) 

with α ∈ [0, 1]. 

Therefore, we obtain (10) the intrinsic desynchronization of Lorentzian clocks [2-13] 

                     𝑡𝐿
´ = 𝑡´ −

𝑣1

𝑐2 𝑥´          (10) 

that also permit the resolution of the Twin Paradox (see III. Time dilation equation-like 

between frames S´´ and S´ and IV. The ageing of the twin´s conundrum at p. (5-7) [92] 

and [9, 11, 23-25, 35, 88, 89, 92, 93]). 

 

Ib. Simultaneity and Einstein´s Relative Simultaneity 

Lorentz was right, 𝑡𝐿
´  is the local time and SR can be formulated with the synchronized 

time [11]. Clearly this analysis address the problem of conventionalism [64] since the 

simultaneous passing of the extremities of the rods by each other is not a convention. 

Indeed, we can consider the four clocks (fig.1) initiating marking zero when A´ pass by 

A and B´ by B. Therefore the events coincidence of the extremities of the rods are 
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simultaneous. From these events from extremity A and from extremity B we can send 

light to the coordinate x correspondent to the middle of AB (l0/2) where we can consider 

an observer that receive the two rays of light simultaneously since rod AB is located at 

EF and the speed of light is isotropic. 

 

(About Einstein´s relative simultaneity, YouTube has the animation from MyEarbot, 

Simultaneity-Einstein and the Theory of Relativity.  

https://www.youtube.com/watch?v=wteiuxyqtoM 

Another animation  is "Discovering the Relativity of Simultaneity" 

"How dis Einstein take the "Step" ? "  

https://sites.pitt.edu/~jdnorton/Goodies/rel_of_sim/index.html).) 

---------------------------------------------------------------------------------------------------------- 

Since the one-way speed of light is c (S is the EF) the two rays of light are emitted 

simultaneously from points A and B (t=0 at A and t=0 at B when light is emitted). The 

emission of light is simultaneous. However, when we consider the emissions from A´ and 

B´ we have the problem that light emitted to the middle of A´B´ does not arrive at the 

observer located at the middle simultaneously since the observer is moving in the 

direction of B. Indeed, light emitted by A´ (or B´) coalesce with light emitted by A (or 

B). We have the same spherical wave in frame S, the preferred frame. This is the 

presupposition of special relativity that the speed of light at S is independent of the speed 

of the source. Therefore, we have the standard statement that if light has the same speed 

c at the frame S´, then the emission of light at A´ and B´ are not simultaneous (the observer 

first receives the emission from B´ and after the emission from A´). But we know that 

t´=0 at A´ and t´=0 at B´ for the emissions and therefore with clocks synchronized (t´) 

the events are simultaneously. The reason of this apparent discrepancy is the intrinsic 

desynchronization of Lorentzian clocks (𝑡𝐿
´ ) that equation (10),  𝑡𝐿

´ =t´- (𝑣1/c2) x´, reveal, 

and standard interpretation is not aware and cannot be aware [35]. Einstein defined 

simultaneity of events by the arrival of light simultaneously to the middle of the segment 

that unite the events. Einstein are considering Lorentzian clocks. And for these clocks 

since t´=0 the Lorentz clocks does not mark the same number 𝑡𝐿
´  since x´ is different (the 

coordinates x´ of A´ and B´ are different and therefore the values of 𝑡𝐿
´  are different). Of 

course, this Einstein simultaneity is a different concept and must be designated by 

Einstein´s simultaneity.  If not, we have a paralogism. A word with several meanings. In 

this case opposite meanings. Einstein definition only in one frame is simultaneity. For 

other frames Einstein definition is Einstein´s simultaneity. It is not simultaneity [23-25].  
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