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Abstract— In this paper, we take a different approach to de 

Broglie wavelength, as we relate it to relativistic physics. The 

quantum energy of the photon radiated by a body with de Broglie 

wavelength, as it moves with velocity v, can be defined within 

relativistic physics by rest energy E₀. In this way, we can show the 

connection between the quantum of radiation energy of the body and 

the rest of energy E₀ and thus combine what has been incompatible so 

far, namely relativistic and quantum physics. So, here we discuss the 

unification of relativistic and quantum physics by introducing the 

new factor k that is analog to the Lorentz factor in Einstein's theory 

of relativity. 
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I. INTRODUCTION 

HIS paper is a logical continuum of our previous work 

"Mathematical representation of Einstein's theory related 

to quantum physics with just one graph" in which the 

connection between relativistic and quantum physics is 

introduced [1]. Here we will show that the constructed graph 

also represents mathematical proof that de Broglie wavelength 

can be related to relativistic theory.  

In order to explain de Broglie wavelength by the rest energy 

E0 and its velocity, it is necessary first to make reference to 

Einstein theory and the facts it is based on, so we start from  

the first diagram that includes  the known facts from relativistic 

physics. It can be shown that there is a new factor that 

corresponds to Lorentz factor in Einstein theory and in the 

same way is valid for all inertial systems. 

With this new factor it is shown that it is possible to unite 
Einstein theory and Quantum physics based on relativistic 
foundations. 

Based on Einstein's theory of relativity, from the Lorentz 
factor, a factor analogous to the Lorentz factor can be defined 
so that it is valid for all inertial systems. This factor multiplied 
by the rest energy E₀ corresponds to the radiation energy of a 
body moving at velocity v and radiating de Broglie wavelength. 
In this way, Einstein's theory of relativity can be extended to 
the radiant energy of a body if we determine a factor valid for 
each body of another inertial system S' moving at velocity v 
with respect to our system S. To determine this factor we must 
first construct a triangle using Lorentz factor, defined by the 
speed of the body v and  the speed of light c. 
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By constructing this triangle, we obtain the angle φ, whose 
value of the cosine function corresponds to the Lorentz factor 
and the value of the sine function is defined by the radiation 
factor of the body. 

II. EINSTEIN RELATIVITY FOUNDATIONS 

A. Determining the cosine rule 

    According to the fact that the Lorentz factor is the cosine of 
the angle, which  is evident from the formula where  the 
numerator and denominator are rewrited, a hypotenuse is equal 
to the speed of light c and in the numerator is adjacent cathetus 
written in Pythagoras' rule. The ratio of the adjacent cathetus to 
the hypotenuse is the trigonometric rule of the cosine (1). 

                                      (1) 

 

In the triangle the hypotenuse is speed of light - the constant c, 

the opposite cathetus is velocity of the body v and letter x is 

defined by Pythagoras' rule (2): 

 

                                                          (2) 

 

B. Determining the angle φ 

   We construct the velocity triangle in such way that the angle 

between this cathetus and the hypotenuse is named φ. The 

speed of light is the absolute value and it is here shown in 

Fig.1. by the arc of a circle with radius corresponding to the 

speed of light  c. 

  
 
Fig. 1. The velocity graph constructed with Lorentz factor  [1] 
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    As we derive from the constructed triangle,  the cosine of 

angle φ  is equal to : 

 

                 (3) 

 

    The sine of angle φ,  determined by the graph, is equal to: 

 

                                                                (4) 

 

The theoretically maximum for the angle is 90°, and at that 

angle the velocity of particle would be equal to the speed of 

light.  

 

C. Energy graph obtained by Theory of relativity 

    Lorentz factor is used by Einstein theory of relativity, so in 

the same way energy graph is constructed [1]. The angle 

between velocities is identical to the angle between energies. 

The Einstein energy graph is shown in the Fig.2. The 

construction is defined by the Theory of relativity [2],[3],[6]  

so that the rest energy of the particle  is the adjacent cathetus.  

 

                                                              (5) 

 

    Defined by the relativistic theory, hypotenuse is the energy 

that a particle has as it moves at velocity v. 

 

                                                             (6) 

 

 
Fig. 2.   Energy graph by Theory of relativity 
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Velocities and energies construct the graph with an equal 

angle, with Lorentz defining the velocity of the particle as 

opposite cathetus, and Einstein defining the adjacent cathetus 

as the rest energy E0, so they are connected with this same 

angle φ to form similar "quasi triangles" in Fig.3. 

 

   The Lorentz factor in equation (3) allows us to construct a 

quasi-triangle of velocities that is similar to the quasi-triangle 

of energies according to Einstein's theory of relativity as 

shown in Fig.1  [2],[3],[4]. 

 

 
       Fig. 3. Similar  “quasi triangles” of  velocity and energy 

 
    In order to unify two diagrams i.e. diagram of energy 

needed to accelerate the body from our system according to 

the theory of relativity and diagram of radiant energy, that is 

later in the paper explained, we will define our own system 

as a reference by placing it on the abscissa. 

    Therefore, we will also position on the abscissa the energy 

we need to give to a body in our system to accelerate it to 

reach velocity v and pass from our system to another inertial 

system S’ which moves with speed v in relation to ours at an 

angle φ as shown in Fig.4. 

 
Fig. 4. Graphic representation of the movement of the body 

           from our system to a new system 

. 

 

    We have positioned the  energies and systems in this way 

because our intention is to connect relativistic theory with the 

formulas of quantum theory by a diagram. If it is 

mathematically possible, then this means that we can also 

combine the theory of radiation of a body with Einstein's 

theory of relativity with the same rules that apply in the theory 

of relativity for inertial systems. 

The graph defined in this way shows that when we give 

energy E in our system S,  we accelerate the body to speed v  

and  transfer it to another inertial system S'. And when we 

calibrate our observation in such a way that system S' is now a 

reference system, then the energy of the body within its 

inertial system S' is equal to rest energy E0. 

Every body within its inertial system has an energy equal to 

the rest energy E0 and this is shown graphically. 



 

 

 

 

D. Radiation diagram 

    The component of energy corresponding to the radiation 

energy towards our system in diagram must be shown 

vertically, i.e. at an angle of 90° in relation to our system S, 

because according to [4] we thus graphically show that this 

energy component propagates as an electromagnetic wave 

towards our system at the speed of light c. This component of 

energy corresponds to the quantum of electromagnetic 

radiation that the body radiates into our system. 

If our system is defined by the position on the abscissa then 

let us determine what the position and angle of energy E0 

would be if the particle reached the speed of light. So far, we 

have found that the angle in the diagram increases with 

velocity v, with the energy position E0 moving away from the 

abscissa, raising and approaching the ordinate. 

The radiation energy of the body has a range from 0 to a 

maximum of E0 = mc2. If the particle theoretically reached the 

speed of light it would have a position at an angle of 90° and 

theoretically its mass would be converted to photon energy 

equal to exactly E0, as shown in the diagram we see in Fig.5 

The sine function would be then equal to 1 in equation (8).  

Diagram and sine function when the body reaches a speed 

equal to the speed of light v = c is shown in Fig.5 
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Fig. 5. Position and energy of particles at a velocity equal to the 

           speed of light 

 

III. OBTAINING  DE BROGLIE  WAVELENGTH  BY THE  THEORY 

OF RELATIVITY 

A. Determining the sine rule 

Based on the Lorentz factor, we determine the angle φ that 

allows us to construct a quasi-triangle of body radiation 

energy. In Fig. 4 we observe speed of light c, velocity of body 

v, rest energy E0 and radiation energy of a moving body E* all 

referenced by the same angle φ.  

     In Fig. 6. we show similar  “quasi triangles” of  velocity 

and radiation  energy. 

 

 
    Fig. 6. Similar  “quasi triangles” of  velocity and radiation  energy 

 
 

The similarity of these two quasi-triangles is defined by the 

equation: 

 

                                                                             (9) 

 

From the similarity of the triangle we get that the radiation 

energy E* is equal to: 

 

                                                                  (10) 

 

According to Figure 6, the ratio of the velocity v of the body 

to the speed of light c corresponds to the sine of the angle φ. 

 

                                                                   (11) 

 

 

B. Determining the radiation energy E* 

    From equation (11) the radiation energy E* and the rest 

energy E0 can be connected by the sine of the angle φ from 

Fig. 6 when we include it in equation (10) 

 

                                                             (12) 

 

Now when we use Einstein equation for the rest energy E0 

 

                                            (13) 

 

and put it into equation (12) and (10) we get that radiation 

energy E* is: 

 

                                (14) 

 

                                                             (15) 

 

C. Determining de Broglie wavelength 

   The radiation energy of the photon Ef  is expressed by  

 

                                                                    (16) 

 

where h is the Planck constant, λ is the wavelength of the 

photon and c is the speed of light [4],[6]. 

 



 

 

When we equate the energy of the photon Ef  from equation 

(16) with the radiation energy of the body E* from equation 

(15), we get: 

 

                                 (17) 

 

After shortening we don’t have in equation speed of light, 

 

                                           (18) 

 

so the wavelength of photon radiation is expressed by: 

 

                                           (19) 

 

Using a graph constructed by the theory of relativity, we 

obtain that the radiation energy of a body radiates a 

wavelength corresponding to the de Broglie wavelength. [5]. 

 

             2

0
0

h c h c

v v E
E

c


 

= =




           (20) 

 

IV. DEFINING FACTOR  K 

 

 The factor that connects the rest energy of a body E0 

moving at speed v, with the radiation energy of a photon 

quantum is denoted by the letter k, and is expressed by: 

 

                             (21) 

 

The factor k is defined by the speed of light c and the 

velocity of the body v, respectively the velocity between 

inertial systems.  The factor k is equal for any body moving 

by at the velocity v, that means the factor k is the same for 

each body within another inertial system. 

The factor k defines the radiation intensity between the 

inertial systems S and S' as shown in Figure 7. 

 

 
Fig. 7. Inertial systems S and S' placed at an angle φ defined by 

           the velocity between inertial systems and the speed of light 

    Using the sine rule and rest energy E0, de Broglie 

wavelength is explained by an analogous Lorentz factor that is 

valid for inertial system and it is possible to combine 

relativistic and quantum physics according to relativistic rules 

as shown in one common graph in Fig.8. and explained in [1].  

   In order to unify the graphs,  where we set on the abscissa 

our system S and the energy needed to accelerate the body 

from our system S to another inertial system S' at an angle φ, it 

is necessary to orthogonally project the radiant energy on the 

ordinate. 

 
Fig. 8. Projecting radiation energy at the ordinate 

 

 

   Then, by merging the graphs, the energy given within our 

system is positioned on abscissa, and the radiation energy on 

the ordinate, which is perpendicular to our system. 

 

 
Fig. 9. The coupling of relativistic theory energy and radiation 

            energy in the same diagram 

 

.  

 

   We have clear mathematical proof by which we can 

combine the theory of relativity with radiant energy and de 

Broglie wavelength using a graph that, with an angle φ and 

rest energy E0, defines the relationship between inertial 

systems. 

The graph not only shows the energy relations between the 

inertial systems S and S’, defined by the rules of the theory of 

relativity, but also shows that the radiation energy from which 

we obtain de Broglie wavelength can be explained by the 



 

 

theory of relativity and the new factor k in a way that is 

defined by the velocity among inertial systems. 

 

When we supplement the unified graph of energies, 

connected via rest energy E0 and the angle φ, by the velocities 

of the body v and the speed of light c, then our final graph 

contains all the essential elements of the theory of relativity 

and the elements needed to define de Broglie wavelength. 

This unification is shown by the overall graph in Fig.10. 

 

 

 

 
Fig. 10. The uniqueness of the graph of energy and velocity 

 

V. CONCLUSION 

 

In addition to the factor k, the radiation energy and de 

Broglie wavelength are also defined by the rest energy E0, 

which is determined by its mass. Therefore, de Broglie 

wavelength can be defined on the basis of relativistic physics. 

This means that if a quantum of radiant energy can be defined 

by relativistic physics we can prove the connection between 

relativistic and quantum physics. In addition to defining the 

radiation factor k analogous to the Lorentz factor, we also 

define the radiation theory.  This means that the same 

radiation law applies to all bodies of the inertial system S' in a 

completely identical way that Einstein used the Lorentz factor 

to define the theory of relativity. It defines that everything that 

is valid for a single body moving with speed v, is also true for 

a complete inertial system S' moving with speed v. This was 

exactly our intention here to define the law of radiation in the 

form of the theory of relativity. In this way we unite the 

theories, in such a way that the law of radiation also applies to 

complete inertial systems defined by a factor k. 
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