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Abstract 

Einstein’s energy-momentum equation and the relativistic De Broglie’s matter wave 

equation can be quantized using a new theory that postulates that Plank’s quantum of 

energy constitutes a chain of more fundamental units of energy. These fixed frequency 

entities have a fundamental wavelength that sets the lower bound of Plank’s Law and the 

upper bound of De Broglie’s matter wavelength. While the quantized version of the 

energy-momentum equation provides identical results as Einstein’s classical version, the 

quantized version of the relativistic De Broglie’s matter wave equation shows a small 

deviation (shorter wavelengths) than the classical relativistic equation results at speeds 

approaching light speed which provides an opportunity to validate the accuracy of these 

new equations using an experiment outlined in this paper.  

 

1. The fundamental unit of energy 

All matter is made up of elementary, indivisible units of energy that by definition are both 

particle and wave. For lack of a better term, these units of energy shall be called pulsons. As a 

particle, it can only occupy a single position in space at any given time and exhibits the properties 

of position and phase. As a waveshell, it is a fixed wavelength (λp) non-localized wave that 

travels at light speed (c) in all directions. Pulsons emit a separate waveshell for each position they 

occupy, these waveshells superimpose over each other and represent the possible future positions 

that the pulson may occupy. While a pulson may localize at a given position, it may also remain 

in a nonlocalized state as defined by its series of waveshells.  

 
      Figure 1A              Figure 1B 

 

 

Consider a pulson in Figure 1A that occupies position P1 at time (t=0sec) with a phase (φ=0). It 

emits a waveshell with a wavelength (λp) which travels outward onto space at the speed of light 

(c). The circles indicate the phase (φ=0) wavefronts of the P1 waveshell. In Figure 1B, the pulson 

instantaneously jumps to a new position P2, located 1¼ λp from position P1 at time (t=½λp/c). At 

mailto:bdnelson111@comcast.net


Quantized De Broglie Wave Equation   Copyright 2010 Brian Dale Nelson Page 2 
 

position P2, the pulson has a phase (φ=3/2π). The instant the pulson jumps to a new position, it 

starts to emit a new (P2) waveshell.  

 
Figure 1C 

 

In Figure 1C, at time (t= λp/c), the P1 waveshell is no longer being emitted from position P1, its 

trailing edge, in actuality a spherical surface, is shown. The pulson cannot jump to a position 

inside this boundary because the new P2 waveshell leading edge has not yet traveled this far. 

Therefore, positions that a pulson can jump to in the future depend upon where the pulson has 

been in the past. While propagating waveshells are confined to light speed, as a particle, pulsons 

may instantaneously jump to positions in their past or present waveshells and are not confined to 

light speed.  

 

 1           𝑓𝑝=  
𝑐

𝜆𝑝
 

 

Since the waveshells travel at light speed (c) in a vacuum, the frequency (fp) of the pulson is 

shown in Equation 1. 

 

 2          𝐸𝑝=  
ℎ𝑐

𝜆𝑝
=  ℎ𝑓𝑝 

 

The pulson sets the lower limit to Plank’s Law that relates the energy of a photon to its frequency 

multiplied by Plank’s constant (h), essentially, the pulson is the lowest energy photon allowed. 

The pulson wavelength (λp) is a fundamental constant in nature. It is unknown at this time and for 

the purposes of this paper will be set to unity (λp=1).  

 

2. Elementary particle formation  

 

When the waveshell of a pulson passes across another pulson occupying a given position, the 

waveshell is reflected. Therefore, the possible positions a pulson may occupy depend on where it 

has been (appeared as a particle) in the past as well as where other pulsons have been (appeared 

as a particle) in the past.  
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Figure 2A 

 

In Figure 2A, 8 pulsons combine to form a closed, 8 node particle chain. This closed chain is also  

referred to as a mass chain because it is at rest, with no translational velocity component. 

Waveshells not only travel outward through space, but also travel at light speed through nodal 

particle structures called wavepaths by reflecting off other pulson members of the chain. Pulsons 

chain together to form higher frequency particles by sequentially appearing along their nodal 

paths in order to contribute phased segments of an overall particle wavelength.  

 

 
Figure 2B 

 

In Figure 2A, a pulson appears at time (t=0) at position P1 with a phase (φ=0). In Figure 2B, at 

time (t= λp/64c), another pulson appears in position P2 with a phase (φ=π/4) and contributes the 

next phased segment of the overall particle waveshell. This process continues with all eight 

pulsons sequentially appearing in positions P1-P8, each appearing at their respective positions for 

a period of time (t= λp/nm
2
c) where nm equals the number of pulsons in the mass chain. When not 

occupying a position in the chain, the pulson members are in a non-localized state defined by 

their superimposed waveshells. The waveshells emitted from the nodal locations in the mass 

chain reflect off pulson members (when localized) and travel in looped wavepaths through the 

structure.  

 

These sequential appearances create a flow direction (in this case, counterclockwise) through the 

nodal structure of the particle. This flow direction is likely the origin of the property of intrinsic 

particle spin. In this case, the simple looped structure shown could accommodate just 2 spin 

states, clockwise, and counterclockwise flow.  

 

Although drawn as a simple sin wave in Figures 2A and 2B, the particle waveshell that 

propagates from this 8 node structure is more complex than that, each phased node segment 



Quantized De Broglie Wave Equation   Copyright 2010 Brian Dale Nelson Page 4 
 

would originate at each node location. The resulting complex waveshell would carry with it 

information on both the nodal particle structure and the spin direction.  

 

 3           𝜆𝑚 =
𝜆𝑝
𝑛𝑚

   

 

Equation 3 shows that the particle, or, mass chain wavelength (λm) is simply the pulson 

wavelength (λp) divided by the number of pulsons in the mass chain (nm), called the mass number. 

Note that in order for a pulson to contribute the same phased segment with a wavelength of λp, its 

wavepath must loop around the chain nm times. This results in multiple superimposed waveshells 

with various phases at each nodal position.  

 

 4           𝑑𝑛=  
𝜆𝑝
𝑛𝑚

2 
 

 

This mass chain wavelength is also equal to the length of the nodal chain, therefore the distance 

between nodes (dn) is shown in Equation 4. If a mass chain took the shape of the simple ring 

shown in Figure 1A, its diameter would shrink at a rate inversely proportional to the number of 

pulson members. Therefore, higher energy elementary particles have smaller nodal structures, and 

are always smaller than the particle wavelength.  

 

 5           𝑓𝑚 =  
𝑐

𝜆𝑚
 

 

Like individual pulsons, the particle waveshells also travel at light speed (c) in a vacuum, the 

frequency (fm) of the mass chain is shown in Equation 5. 

 

 6          𝐸𝑚 =  
ℎ𝑐𝑛𝑚
𝜆𝑝

=  
ℎ𝑐

𝜆𝑚
= ℎ𝑓𝑚 

 

Equation 6 relates the energy of a mass chain to its frequency multiplied by Plank’s constant (h), 

which again is equivalent to Plank’s Law.   

 

  7          𝑚=  
ℎ𝑛𝑚
𝜆𝑝𝑐

=
ℎ

𝜆𝑚𝑐
 

 

Using the Compton wavelength to relate mass and wavelength, Equation 7 relates the mass (m) of 

the particle chain to its wavelength.  
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Figure 2C 

 

Mass chains may form more complex three dimensional structures. The simplest of these 

structures is the tetrahedron as shown in Figure 2C. While these structures allow for multiple 

possible wavepaths, only one wavepath can be followed as defined by the positional sequence 

followed by the pulson appearances. This 4 node regular tetrahedron structure allows for 6 

possible wavepaths to travel through it: 

 

 P1-P2-P3-P4 and P4-P3-P2-P1 

 P1-P2-P4-P3 and P1-P3-P4-P2 

 P1-P3-P2-P4 and P1-P4-P2-P3 

 

While it is unknown at this time why particles form certain structures and the criteria for their 

stability, one possibility is they form nodal structures that maximize the number of possible 

wavepaths that can travel through them. This could be the foundation of particle structural 

stability. 

  
  

   Figure 2D    Figure 2E  
 

One such nodal structure that increases the number of wavepaths through its equidistant nodes is 

the cuboctohedron as shown in Figure 2D. While 3D space cannot be tiled using tetrahedrons 

alone, it can be tiled with a combination of tetrahedrons and square pyramids. This structure can 
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be further divided into an unlimited number of tetrahedrons and square pyramids as shown in 

Figure 2E. This represents just one possible nodal structure that closed mass chains could form.  

 

3. Elementary particle motion   

 

Two particle chains may combine to form an inertial chain whereby one of the particles retains its 

nodal (mass) structure, and the second chain forms a bridging structure through which the mass 

chain may move with a fixed velocity.  

 

 8          𝐸𝑖=  
ℎ𝑐(𝑛𝑚 + 𝑛𝑣)

𝜆𝑝
 

 

 9          𝐸2 = (𝑚𝑐2)2 +  (𝑝𝑐)2 

 

The energy for a relativistic, quantized inertial system is shown in Equation 8. It is an extension 

of Equation 6 with an addition of a kinetic energy chain with a velocity number (nv) to the rest 

mass chain with a mass number (nm). Both of these two integer values (nm and nv) are simply 

counts of the number of pulsons in the two respective chains with the total energy being 

proportional to the sum of the pulsons in both chains.  While the quantized version of this 

relativistic energy-momentum equation (Equation 8) provides identical results (shown in a 

subsequent table) as Einstein’s classical version (Equation 9), it completely delineates the mass 

and kinetic energy components of the total energy, there is no mass term (classical momentum p) 

in the kinetic energy component of the quantized version.  

 

 
Figure 3A  

 

The velocity component vector is normal to the mass component vector and the magnitudes of 

these vectors follows Pythagorean’s theorem with the total energy (nm+nv) being the hypotenuse 

and the mass number (nm) being one of the other legs of this right triangle relationship.  

 



Quantized De Broglie Wave Equation   Copyright 2010 Brian Dale Nelson Page 7 
 

 
Figure 3B 

 

 

 10          𝑣=  
 𝑛𝑣

2 + 2𝑛𝑚𝑛𝑣
𝑛𝑚 +  𝑛𝑣

𝑐 

 

Wavepaths travel at light speed (c) through the nodal structures of particles, in inertial systems, a 

component of this light speed is the translational velocity (Equation 10) as shown in Figure 3B 

which is calculated from the energy relation shown in Figure 2B. Note that as the number of mass 

chain pulsons approach zero, the velocity approaches the speed of light (c). The velocity 

(equation 10) is invariant under scaling factors of nm and nv, as long as the ratio nv/nm stays 

constant, the velocity also stays constant. This is particularly important when considering the 

value for the pulson wavelength λp is not known at this time. The velocity can still be calculated 

simply by knowing the ratio of the velocity number (nv) and the mass number (nm).  

 

  

 

 
Figure 3C  
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 11          𝜆𝑣=  
 𝑛𝑣

2 + 2𝑛𝑣𝑛𝑚
2𝑛𝑣 𝑛𝑚 + 𝑛𝑣 

𝜆𝑝 

 

 12          𝜆𝑣=  
ℎ

𝛾𝑚𝑣
 

 

Figure 3C shows the relationship of the mass chain versus velocity chain wavelength vectors, 

again the angle θ between vectors being set by the energy relation shown in Figure 3A. The two 

chains join together while maintaining their individual wavelengths, however, both their 

wavelengths shorten by a factor of two (see the 2 in the denominator of Equation 11).   

 

Equation 12 is the classical De Broglie equation with the Lorentz Factor (γ) added to account for 

relativistic effects. Equation 11 is the quantized version calculated from the energy and velocity 

relations shown in Figures 3A and 3B. In the limiting case of nv = 1 and nm = 0 (single pulson or 

massless photon with least amount of energy possible), the upper bound of the De Broglie 

wavelength is λp/2.  

 

 13          𝛾=
𝑛𝑚 + 𝑛𝑣
𝑛𝑚

 

 

 14          𝛾=  
1

 1−
𝑣2

𝑐2

 

 

The quantized Lorentz factor (Equation 13) is a much simpler equation than the classic Lorentz 

factor equation (Equation 14), yet both of these equations yield identical results (shown in section 

4.). The relativistic mass increases as the sum of nm and nv divided by nm, only when nv=0 (no 

kinetic energy), does the relativistic mass equal rest mass.  

 

4. Comparison of results  

  

Equation 
(7) 

Equation 
(10) 

Equation 
(13) 

Equation 
(14) 

  
Quantized Quantized Quantized Classic 

Nm Nv Mass Velocity Lorentz Lorentz 

(integer) (integer) (xE-34 kg) (x c m/s)  Factor Factor  

100000000 1 2.2102 0.0001414 1.0000000 1.0000000 

100000000 10 2.2102 0.0004472 1.0000001 1.0000001 

100000000 100 2.2102 0.0014142 1.0000010 1.0000010 

100000000 1000 2.2102 0.0044721 1.0000100 1.0000100 

100000000 10000 2.2102 0.0141411 1.0001000 1.0001000 

100000000 100000 2.2102 0.0446879 1.0010000 1.0010000 

100000000 1000000 2.2102 0.1403708 1.0100000 1.0100000 

100000000 10000000 2.2102 0.4165978 1.1000000 1.1000000 

100000000 100000000 2.2102 0.8660254 2.0000000 2.0000000 

100000000 1000000000 2.2102 0.9958592 11.0000000 11.0000000 

 

Table 1 

 

The first two columns of Table 1 provide various ratios nv/nm of velocity numbers (nv) and mass 

numbers (nm).  Setting the pulson wavelength λp to 1, the quantized mass can be calculated using 
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Equation 7. Since the mass number (nm) is held constant at 100000000, the resulting mass 

(Equation 7) is also a constant 2.2102E-34 kg. Column 4 is the velocity of the inertial system 

from Equation 10 displayed as a decimal multiple of the speed of light (c). The next two columns 

show the quantized (Equation 13) and the classical (Equation 14) Lorentz factors which show 

identical values over all velocities including those nearing light speed.  

 

    

Equation 
(11) 

Equation 
(12) 

  

Equation 
(8) 

Equation 
(9) Quantized Classical 

  
 

Quantized Classic Relativistic Relativistic 

  
Energy  Energy  De Broglie  De Broglie 

Nm Nv Momentum Momentum Wavelength Wavelength 

(integer) (integer) (xE-17 J) (xE-17 J) (m) (m) 

100000000 1 1.9864 1.9864 7.0711E-05 7.0711E-05 

100000000 10 1.9864 1.9864 2.2361E-05 2.2361E-05 

100000000 100 1.9864 1.9864 7.0711E-06 7.0711E-06 

100000000 1000 1.9865 1.9864 2.2361E-06 2.2361E-06 

100000000 10000 1.9866 1.9866 7.0705E-07 7.0710E-07 

100000000 100000 1.9884 1.9884 2.2344E-07 2.2355E-07 

100000000 1000000 2.0063 2.0063 7.0185E-08 7.0535E-08 

100000000 10000000 2.1851 2.1851 2.0830E-08 2.1822E-08 

100000000 100000000 3.9729 3.9729 4.3301E-09 5.7736E-09 

100000000 1000000000 21.8509 21.8507 4.9793E-10 9.1288E-10 

 

Table 2 

 

Columns 3 and 4 from Table 2 display the quantized (Equation 8) and classical (Equation 9) 

relativistic energy-momentum equation results (as measured in E-17 Joules), again they are 

identical over all velocities. Columns 5 and 6 display the quantized (Equation 11) and classical 

(Equation 12) relativistic De Broglie Wave equation results. 

 

 
Figure 4A 
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Figure 4A plots the quantized (Equation 11 in red) and classical (Equation 12 in green) 

relativistic De Broglie Wave equation results from Table 2 versus velocity and clearly shows that 

the results track perfectly until a relatively minor deviation becomes evident at speeds 

approaching light speed with the quantized equation predicting shorter wavelengths than the 

classical equation.  

 

5. Proposed experiment to validate the quantized De Broglie wave equation 

 

The quantized relativistic energy-momentum equation (Equation 8) has been shown to provide 

identical results as Einstein’s relativistic energy-momentum equation (Equation 9) over all 

possible energies; therefore, Equation 8 shall be considered another form of Einstein’s famous 

equation that has been proven valid over countless experiments. 

 

The small deviation in quantized (Equation 11) versus classical (Equation 12) De Broglie wave 

equation provides an opportunity to validate this new equation.  

 

The following information must be measured with a high accuracy:  

 

1. The rest mass of an elementary  particle  

2. The total energy of the particle traveling at a fixed velocity  

3. The velocity of the particle 

4. The matter wavelength of the particle 

 

An example of an experiment that could be run to validate this equation includes the follow 

parameters: 

 

1. Elementary Particle: electron 

2. Plank’s Constant: 6.62606896E-34 Js 

3. Speed of Light:  2.99792456E08 m/s 

4. Rest Mass:  9.10938215E-31 kg 

5. Velocity:  0.9c = 2.69813212E08 m/s 

6. Lorentz Factor:  2.29415734 

7. Rest Mass Energy:  8.18710438E-14 J 

8. Total Energy:  1.87825056E-13 J 

9. Kinetic Energy:  1.05954012E-13 J  

 

According to the classical relativistic De Broglie equation (Equation 12) the matter wavelength 

would be:  

 

         𝜆𝑣=  
ℎ

𝛾𝑚𝑣
=  

6.62606896E-34

2.29415734∗ 9.10938215E-31∗ 2.69813212E08 
 

 

𝝀𝒗= 𝟏.𝟏𝟕𝟓𝟏𝟏𝟓𝟔𝟕E-𝟏𝟐 m 

 

According to the quantized relativistic De Broglie equation (Equation 11) the matter wavelength 

would be:  

 

      𝑛𝑚 =  
𝑚𝜆𝑝𝑐

ℎ
=

9.10938215E-31∗1∗ 2.99792456E08

6.62606896E-34
= 412148452136 
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𝑛𝑣=  𝛾−1 𝑛𝑚 =  2.29415734−1 412148452136 =  533384943968  
 

 𝜆𝑣=  
 5333849439682 + 2∗533384943968∗ 412148452136 

2 ∗533384943968∗ 412148452136 + 533384943968 
(1)  

 

𝝀𝒗=  𝟖.43668358E-13 m 

 

This calculation represents just one of an infinite number of experimental parameter conditions 

that could be used to validate the quantized equation (Equation 11) against the De Broglie’s 

classical equation (Equation 12).   

 

 

 

 

 

 

 

 

 

 


