
Mass, Energy, and Momentum 
 
What follows is an informal continuation of the work presented in, “A Computational Model of               
Time-Dilation” [1], in which we presented a theory of time-dilation rooted in information theory              1

and computer theory, with equations for time-dilation that are identical in form to those given by                
the special and general theories of relativity. In this note, we present a novel explanation for                
Einstein’s celebrated equation relating mass and energy,  mc .E =  2  
 
Planck’s Equation 
 
We assume that the energy of a photon with a wavelength of is given by Planck’s equation,λ  
 

 hc/λ,E =  (Eq. 1) 
where h is Planck’s constant.  
 
In the model presented in [1], we describe photons as “horizontal particles” that consist of a                
discrete series of wavefronts (see Sections 3.5 and 3.6 of [1]). That is, though we view light as                  
comprised of discrete particles (i.e., photons), we do not treat the energy of an individual photon                
as being concentrated at a single point in space. Rather, we assume that the energy of a photon is                   
spread about a length into discrete, equally sized “quanta” of energy, each separated by a               
distance of . We assume that each such quantum has an energy of E0, which we assume to be  λ                  
the minimum energy. That is, we assume that the energy of any system or particle is always an                  
integer multiple of  E0 (see Section 3 of [1] generally).  
 
This view gives the frequency of a photon literal physical meaning, since it is the rate at         c/λf =           
which the energy within a single photon will traverse any given point in space along its path.                 
Similarly, if a single photon were to strike another particle, the frequency of the photon is the                 
rate at which the individual quanta of energy within the photon will strike the particle. As a result                  
of its length, there is some window of time over which the energy of a single photon traverses a                   
point in space. That is, because the energy of a photon is not concentrated at a single point, but is                    
instead spread over a length, in discrete “chunks” of energy, it will take some small amount of                 
time for all of the energy within the photon to traverse a given point in space along its path.                   
Because all photons have a velocity of c in a vacuum, the amount of time it takes for the energy                    
of any photon to traverse a single point in space (in a vacuum) will be the same for all photons.                    
We call the amount of time it takes for the energy of a photon to traverse a given point in space                     
along its path tp. In Section 3.5 of [1], we showed That is, Planck’s constant h is            E t .h =  0 p        
equal to the product of the minimum energy, and the amount of time it takes for the total energy                   
of a photon to traverse a single point in space. 
 
The Momentum of a Photon 
 
We assume that the momentum of a photon with a wavelength of  is given by,λ  
 

1 Available at www.researchgate.net/publication/323684258_A_Computational_Model_of_Time-Dilation. 



 h/λ.ρ =  (Eq. 2) 
 
Because a photon has a velocity of c, and it takes tp seconds for the total energy of a photon to                     
traverse a single point in space, it follows that all photons have a length of ctp. As a result, if it                     
were possible to somehow reduce the velocity of a given photon, the amount of energy contained                
within the photon that traverses a single point in space over an interval of tp seconds would be                  
reduced. That is, because we have slowed the photon down, the frequency with which the quanta                
contained within the photon traverse a given point in space will be reduced, thereby reducing the                
total energy that traverses a given point in space over any interval of time. Specifically, if the                 
photon has a velocity of , then the amount of energy that will traverse a given point in      cv <               
space over an interval of tp seconds is given by, 
 

 hc/λ) v/c v.E v = ( = ρ (Eq. 3)  2

 
Note that if then That is, if the photon has a velocity of c, then the portion of    c,v =     .E T = E v               
the photon’s energy that traverses any given point in space over an interval of tp seconds is                 
simply the total energy of the photon. 
 
In the model presented in [1], we assume that each quantum of energy within a photon is not                  
only equally spaced from all other quanta within the photon, and equally sized, but also perfectly                
identical in all respects. As a result, it follows that each quantum of energy within a photon                 
carries the exact same amount of momentum. That is, the total momentum of a photon is divided                 
equally among the quanta of energy contained within the photon. It follows that if we were able                 
to somehow slow down a given photon, then the amount of momentum contained within the               
photon that would traverse a given point in space over an interval of tp seconds would be                 
reduced. That is, if we were to somehow slow down a photon, then the amount of momentum it                  
would be able to give up at a given point in space over an interval of tp seconds would be                    
reduced. Specifically, the total momentum of a photon with a velocity of v across a given point                 
of space over an interval of tp seconds is given by, 
 

  ρ v/c E / c.ρ v =  =  v (Eq. 4) 
 
That is, the momentum of a photon is equal to the amount of energy contained within the photon                  
that traverses a given point in space over an interval of tp seconds, divided by c. If the velocity of                    
the photon is c, then the entire photon will traverse the point in tp seconds, in which case the                   
momentum is given by the total energy of the photon divided by c, which is simply the total                  
momentum of the photon. 
 
The Mass of an Elementary Particle 
 

2 Note that this is the same equation that we use to explain the force on a charge moving charge through a magnetic 
field. See, “Momentum, Magnetism, and Continuous Waves”, available at 
https://www.researchgate.net/project/Information-Theory-16/update/5ba6006ecfe4a76455f52449. 



In the model of physics presented in [1], we assumed that, just like the photon, all elementary                 
particles are horizontal particles with a length of ctp. Specifically, we assumed, in the case of an                 
elementary particle with mass, that the mass of the elementary particle consists of equally sized,               
equally spaced, quanta of energy, each with an energy of E0. That is, by analogy to our model of                   
the photon, we assumed that a massive elementary particle is similarly structured as a discrete set                
of identical quanta of energy, equally spaced along a length of ctp. This means that massive                
particles also have well-defined, physically meaningful wavelengths in our model. That is, the             
wavelength of a massive elementary particle is simply the distance between each quantum of              
mass energy within the particle. Since each quantum of mass energy has an energy of E0, it                 
follows that if E is the total mass energy of the particle, then N = E / E0 is the number of mass                       
energy quanta within the particle, and therefore, the wavelength of the particle is simply, 

 
ctp / N = hc / E. λ =  (Eq. 5) 

 
However, unlike the energy of a photon, which we assume to “code” for motion in physical                
space, we assume that each quantum of energy within a stationary massive particle codes for a                
change in “state”, eventually causing certain elementary particles to decay, which serves as the              
basis for our model of time-dilation. In short, kinetic energy causes a particle to move through                
physical space, whereas mass energy causes a particle to transition through states, which             
eventually causes certain particles to decay, and ultimately, generates time-dilation (see Section            
3 of [1], and “On the Value of Gamma” [2] ).  3

 
Further, we assume that the kinetic energy of a massive particle is no different than the energy                 
found within a photon, in that it is quantized into discrete quanta of energy, each with an energy                  
of E0, that codes for motion through physical space. Finally, we assume that this kinetic energy is                 
“attached” to the mass energy of the particle, and evenly distributed among that mass energy, so                
that each quantum of mass energy has an equal amount of kinetic energy attached to it (see                 
Section 3 of [1] generally). As a result, the wavelength of a massive particle is determined solely                 
by its mass, not its velocity, since the mass energy of the particle determines the spacing of the                  
energy within the particle, which is consistent with Equation (5) above. 
 
In summary, we assume that photons consist entirely of kinetic energy, whereas a truly              
stationary, massive particle consists solely of mass energy. This implies that photons have the              
maximum possible velocity through physical space, but are perfectly stable, whereas massive            
particles with no kinetic energy are perfectly stationary, but maximally unstable. As a result, our               
model assumes that a photon consists of a single, homogenous type of energy (i.e., kinetic               
energy), whereas a massive elementary particle with a non-zero velocity consists of both mass              
energy, and kinetic energy, though as noted above, the wavelength of a massive particle is               
determined solely by is mass. 
 
The Momenta of a Massive Elementary Particle 
 

3 Available at https://www.researchgate.net/project/Information-Theory-16/update/5bcb66e0cfe4a76455fc2fda. 



Returning to our observation above that the momentum of a photon is proportional to the total                
energy within the photon that traverses a point in space over an interval of tp seconds, we can                  
generalize upon this to define momentum generally as a measure of an amount of energy that                
traverses a point in space over tp seconds. Because a massive particle has two types of energy, it                  
follows that a massive particle will therefore have three types of momenta: one that is               
proportional to the amount of mass energy that traverses a point in space over an interval of tp                  
seconds; another that is proportional to the amount of kinetic energy that traverses a point in                
space over an interval of tp seconds; and yet another that is proportional to the total amount of                  
energy that traverses a point in space over an interval of tp seconds. 
 
The rate at which the energy of a massive elementary particle traverses a point in space will of                  
course depend upon its velocity. As the velocity of the particle increases, the amount of energy                
that traverses any given point in space over an interval of tp seconds will increase. As the velocity                  
of the particle increases, the kinetic energy of the particle will also increase, meaning that both                
the rate and total amount of energy that will traverse a point in space will increase as a function                   
of the velocity of the particle. If, however, we consider only the rate at which the mass energy of                   
the particle traverses a point in space, then only the rate at which energy traverses a point in                  
space will increase as a function of its velocity, since the mass of the particle is presumably                 
fixed.  
 
Unlike the special theory of relativity, it is possible in our model for a massive particle to have a                   
velocity of c (see Section 3.3 of [1], as well as [2] generally). So, if a massive particle has a                    
velocity of c, then the entire particle will traverse any given point in space over an interval of tp                   
seconds, just like in the case of a photon. As a result, the total mass energy of the particle will                    
traverse any given point in space over an interval of tp seconds. Further, note that Equation (4)                 
implies that if we knew the momentum of a particle that is attributable solely to its mass energy,                  
then we could solve for the mass-energy of the particle, simply by multiplying that momentum               
by c. 
 
We assume that the mass-momentum of an elementary particle is given by, 
 

 (v) mv,ρ m =  (Eq. 6) 
 
where m is the mass of the particle, and v is the velocity of the particle. This is of course the                     
classical momentum of a particle, which we are assuming to be proportional to the total amount                
of mass energy that traverses a given point in space over an interval of tp seconds. As noted                  
above, if the particle has a velocity of c, then the entire particle will traverse any given point over                   
an interval of tp seconds, causing the entire mass energy of the particle to traverse that point. It                  
follows that the mass-energy of an elementary particle is given by, 
 

  ρ (c) c mc .E m =  m =  2 (Eq. 7) 
 

We showed in [1] that our model necessarily implies that (see Section 3 of [1]           E T = E γ m      
generally, as well as [2] generally). As a result, the momentum due to the total energy of a                  



massive particle traversing a point in space, which we call the total-momentum of the particle,               
must be given by the following: 
 

 (v) γρ (v) γmv.ρ T =  m =  (Eq. 8) 
 
It follows that the momentum due to the kinetic energy of a massive particle traversing a point in 
space, which we call the kinetic-momentum of the particle, must be given by the following: 
 

 (v) ρ (v) ρ (v) ρ K =  T −  m = γ ) mv.( − 1 (Eq. 9)  
 
Finally, returning to Equation (5), it follows that the wavelength of a massive elementary particle 
is given by the Compton Wavelength: 
 

.  /mcλ = h  (Eq. 10)  4

4 See [2] for an interpretation of the de Broglie wavelength of an elementary particle. 


