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Introduction
At the beginning of the 20th century there were some experiments 

that could not be explained by the classical mechanics of Newton 
and Galileo,1 for example, the experiments of Michelson-Morley2 
and Bertozzi,3 which are well known by scientific community.2,3 In 
order to explain these experiments, after the attempt of some scientist 
like Lorentz and Minkowsky, Einstein developed the special theory 
of relativity,4–7 which is based on solely two postulates.8 The first 
postulate states that the laws of physics are the same in any inertial 
frame of reference.8 The second postulate states that the speed of light 
is the same as measured from any frame of reference, regardless of 
the relative speed between the observer and the source.8 Moreover, 
the speed of light in the vacuum is the highest possible in the 
universe and it cannot be surpassed.9 In this article, we will focus on 
the second postulate and verify that it holds in one dimension (1D) 
using Einstein’s relativistic velocity addition law, which contrasts 
with Galileo’s classic velocity addition theory and contradicts human 
common sense, as we will see in the following sections. Therefore, the 
main objective of this article consists of providing some interesting 
ideas and developments in order to improve the pedagogical field of 
secondary and higher education about the second postulate of Einstein 
following the same line of recent works about teaching relativity.10–12

Relativistic addition of velocities 
The velocity addition theory in relativistic terms developed by 

Einstein is well known to the scientific community. This theory 
establishes the velocity perceived by two systems moving with relative 
velocities between them considering that none of these systems can 
surpass the speed of light. This theory is a generalization of Galileo’s 
velocity addition rule that is used in classical physics when velocities 
are much less than the speed of light. Consider an inertial frame of 
reference O and two systems A and B that move along the X axis 
according to O Figure 1.

Figure 1 Addition of velocities scheme.

The velocity addition theory in relativity establishes that:5
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in which xu  is the speed at which the inertial frame of reference 
O observes system B is moving; v  is the speed at which the inertial 
frame of reference O observes system A is moving; c  is the speed of 
light; and '

xu  is the speed at which A observes B is moving.

From this point on, we consider that system B is a photon that 
moves at the speed of light ( )c  according to the inertial frame of 
reference O in the positive direction of the x axis. Therefore, ,xu c=
and the expression (1) can be rewritten as:
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In the following sections we will study the speed of B (a photon) 
perceived by the observer A ( )'

xu  according to the relative movement 

that these two systems maintain. We will also compare and discuss the 
results with the classical Galileo velocity addition.

Speed of light with observer moving at vx

Consider that the observer A is moving in the positive X axis with 
velocity xv c<  according to the inertial frame of reference O in such 
a way that A is going after B Figure 2.

Figure 2 System A going after system B at speed  according to the inertial 
frame O.

Then, the system B is moving according to the observer A with 
this velocity:
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Therefore, B is moving away from A at the speed of light c  and 
the second postulate of Einstein’s theory is satisfied in this case. 
This result is incongruent with the classical conception of Galileo’s 
addition of velocities because this velocity should be '

x xu c v= −  as 
we were taught in the school and our common sense dictates (because 
if, for example, I am the system A moving at 6 km/h and I am going 
after system B, which is moving at 10 km/h, my perception should be 
that the system B is moving away from me at 4 km/h). 

Speed of light with observer moving at -vx

Consider now that the observer A is moving in the negative X axis 
with velocity xv c< according to the inertial frame of reference O in 
such a way that A is moving away from B Figure 3.

Figure 3 System A moving away from system B at speed  according to the 
inertial frame O.

Then, the system B is moving according to the observer A with 
this velocity:
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So, as the previous case, B is moving away from A at the speed of 
light c  and the second postulate of Einstein theory is satisfied too. 
This result is incongruent with the classical conception of Galileo’s 
addition of velocities because this velocity should be ' ,x xu c v= +  i.e. 
this velocity should be higher than speed of light (which is absolutely 
logical for us because if, for example, I am the system A moving at 
6 km/h and I am moving away from system B, which is moving at 
10 km/h, my perception should be that the system B is moving away 
from me at 16 km/h).

Speed of light with observer moving at c
Consider that the observer A is moving in the positive X axis with 

the higher possible velocity, the speed of light ,c according to the 
inertial frame of reference O in such a way that A is going after B with 
the same velocity that B Figure 4.

Figure 4 System A going after system B at speed  according to the inertial 
frame O.

Then, the system B is moving according to the observer A with 
this velocity:
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In this case we obtain and indetermination that can be solved 
applying limits when xv c→  and using the L’Hôpital’s rule:
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Thus, as the previous cases, B is moving away from A at the 
speed of light  and the second postulate is satisfied in this case too. 
This result is completely incongruent with the classical conception 
of Galileo’s addition of velocities because this velocity should be 

' 0xu c c= − =  (velocity should be null because both systems goes at 
the same speed in the same direction and sense). 

Speed of light with observer moving at -c
Consider that the observer A is moving in the negative X axis with 

the higher possible velocity, the speed of light ,c  according to the 
inertial frame of reference O in such a way that A is moving away 
from B with the same velocity that B Figure 5.

Figure 5 System A moving away from system B at speed  according to the 
inertial frame O.

Then, the system B is moving according to the observer A with 
this velocity:
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Hence, as the previous cases, B is moving away from A at the 
speed of light  and the second postulate is also satisfied. This result 
is also incongruent according to the classical conception of Galileo’s 
addition of velocities because this velocity should be ' 2xu c c c= + =  
(because if, for example, I am the system A moving at 10 km/h and 
I am moving away from system B, which is moving at 10 km/h, my 
perception should be that the system B is moving away from me at 
20 km/h).

Conclusion
In this review we have analyzed the measurement of the speed 

of one photon (system B) from different frames of reference in 1D. 
This study has been developed applying the Einstein’s addition of 
velocities law. All the studied cases provide the same results, the 
velocity of the photon is always the speed of light  independently of 
the reference frame. Then, these results verify the second postulate of 
Einstein and the relativistic addition of velocities in one dimension. 
This work can be useful for teachers or students of science education 
to explain and understand easily the second postulate of Einstein’s 
Special Relativity Theory.
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