
An Elephant in the Room

Abstract: There is an elephant in the room.1 Something obviously  is wrong in physics and 
no one pays any attention to it anymore. We have been taught to believe that  the mass of 
an electron (or any particle or even a golf ball)  can approach infinite mass if its velocity 
approaches the speed of light. This phenomena (aka the elephant) is represented by the 
formula: M = m0/(1-v2/c2 )0.5. 
! This mistaken truth has been with us for about 100 years as part of Einstein’s special 
theory of relativity. It is in a lot of textbooks even though it can never be proven because it is 
impossible to prove by experiment that anything approaches infinity. Nowhere do we see mas-
sive quantum mechanical particles larger than 22 micrograms whatever their velocity, yet 
physicists as a group believe in them. This strikes me as just plain goofy.
!  A case will be made that any particle can only get to a maximum mass of 22 micro-
grams (a Planck mass). This is about the mass of a mosquito and is a lot less than infinity. 
        Since ordinary classical masses (i.e. golf balls) are composed of particles they too will not 
approach infinite mass as they approach the speed of light.
      It may seem that getting rid of “the elephant” would be a major alteration to the theory of 
relativity. However, the theory remains intact (but without the elephant). 
      At the end of this essay a way of looking at why there is a limit on particle mass will be 
suggested. 
 
1. Preamble: There is some controversy over the increase in mass given by the equation        
M = m0/(1-v2/c2 )0.5.2  Einstein knew the elephant was “ugly” and tried to dress it up a bit by not-
ing that the elephant was not so ugly if we remember that the cause of the mass increase was 
the changing of space-time with velocity. Mass is not really increasing but space-time is curv-
ing. This distinction is a viewpoint change that makes many physicists feel better about the 
elephant in the room, but it does not change the equation or get rid of the elephant. For the 
purposes of this essay unlimited mass increase, and unlimited space-time curvature as v ap-
proaches c are the same elephant.
! I anticipate many objections to this essay primarily because It questions many concepts 
that are currently taught in physics classrooms and are held to be sacred. These objections will 
be covered in the final section on “Objections”. If it has any merit the work here does impact 
one of the results of special relativity (the elephant) but the core concepts of special relativity 
are intact. Einstein was the rare genius who not only made outstanding contributions to phys-
ics but also helped others make them. In this essay I use the special theory of relativity and 
hold the equation M = m0/(1-v2/c2 )0.5 as completely valid. 
! Wait a minute! Didn’t you just say that M = m0/(1-v2/c2 )0.5 is the elephant and now you 
are saying it is completely valid. What gives?
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! As an equation it is completely valid. However, it is an unexpressed assumption that the 
velocity “v” can approach “c” to any precision we chose. This assumption may make sense 
mathematically, but will be shown to be untrue for physics. So, M = m0/(1-v2/c2 )0.5 is com-
pletely  valid and it has limits that have not been investigated. Let’s start by taking a look at how 
close to the velocity of light a particle can get. Note that there is a glossary  at the end of this 
essay.

2. The Basic Building Blocks:
! 1. The Compton wavelength equation provides a valid formulation for the mass of        
!     all quantum mechanical particles.3     !
! 2. Particles (aka sub atomic particles) are what make up ordinary matter. Their salient 
!     characteristic is that they have the wavelike property of interference. The most     
!     massive particle that has been tested for the interference property is the Buckyball 
               C60.4

! 3. The Planck length is the shortest possible Compton wavelength.5

3. Planck Units: 
       The usefulness of Planck units is their fundamental nature.3 They are composed of the 
constants of nature G, h, c which are considered changeless, and therefore the Planck units 
themselves being composed of these constants of nature are also changeless. The standards 
organization NIST6 is very confident in this changelessness and is attempting to get all meas-
urements traceable to constants of nature.7, 8 
! In the analysis to follow I will be interpreting the Planck length PL and the Planck mass 
Pm as  fundamental limits that are unchanging irrespective of motion. They are immutable con-
stants that are the same in all frames of reference. This means they are unaffected by  relativity 
and that no matter the relative velocity, PL and Pm remain constant. Note that the Planck Length 
is PL = (hG/c3)0.5  and the Planck Mass is Pm = (hc/G)0.5 .9 

4. A Fundamental Limit on Particle Behavior:
! The shortest wavelength a particle can have is the Planck length.5 There is no 
proof or derivation for this. It is an axiom that seems to make sense in that the Planck length is 
a very small number (1.616 ×10−35) that is defined only  in terms of constants of nature. A small 
special number not effected by relativity. What could that mean? The limit of measurable 
length, is a good bet. 

5. The Compton Wavelength:
Definition: The Compton wavelength (λc) of a particle is equivalent to the wavelength of a pho-
ton whose energy is the same as the rest-mass energy m0 of the particle.10 
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    A Visualization: When a photon is trapped between two mirrors it takes on the appearance 
of a particle. If the spacing of the mirrors is the Compton wavelength (λc), then the photon 
moving back and forth between the mirrors (at the speed c) has an energy that is equivalent to 
the rest mass m0 of the particle. This is just an aid in understanding. I have no idea why space-
time should form a set of mirrors spontaneously at particular wavelengths. However it makes a 
useful visualization. See the diagram in the next section.
Deriving the Compton Equation: 11

! a. The Einstein-Planck relation is E = hf and is the source of the Compton wavelength.
! b. This can be written E = hc/λc
! c. The energy of the photon trapped at the Compton wavelength is m0c2. 
! d. Setting the two energies equal we get: m0c2 = h/(cλc)
! d. Solving for λc we get: λc = h/(m0c) The equation for the Compton wavelength.
 
6. The Compton Wavelength as a function of Velocity. 
! a. The Compton wavelength of a particle is given by: λc = h/(m0c)
! b. λc is a distance and is subject to relativistic compression.
! c. Using the Lorentz transform we get that λc = [h/(m0c)](1-v2/c2 )0.5

           d. This equation can be rearranged as:  λc = [h/(cm0/(1-v2/c2 )0.5)]
! e. We notice that the term m0/(1-v2/c2 )0.5 normally  associated with the elephant is in the         
!     denominator. When v = c and the mass goes to infinity, the Compton wavelength λc 
!       goes to 0. However, λc  is not allowed to get to 0, because the shortest value for λc is 
!     the Planck length. This limitation on λc also turns out to be a limitation on how close   
!     v can approach c.
! g. The velocity of a particle will be made such that it cannot exceed a maximum velocity 
!     Vmax, if that velocity would cause the Compton wavelength to be shorter than a 
!     Planck length. It turns out that this Vmax is so close to c that most would say it is     
!     negligible. But this trivial difference gets rid of the elephant! A calculation for Vmax will 
!     be made shortly (section 9).

7. The Maximum Mass of a Quantum Mechanical Particle:
    Method 1: Using the Lorentz Transform
     1.  λc = [h/(cm0/(1-v2/c2 )0.5)] ! This is the Compton equation compensated for relativity.
     2.  λc = h/(cM)! ! ! We note that m0/(1-v2/c2 )0.5 = M 
     3.  PL = h/(cM)! ! ! The Planck length is the shortest Compton wavelength. 
! ! ! ! ! At this wavelength the mass M is as great as it can be
! ! ! ! ! since shorter wavelength corresponds to greater energy 
! ! ! ! ! (mass).
       4.  PL = (hG/c3)0.5! ! This is the definition of the Planck length
       5.  (hG/c3)0.5 = h/(cM)! ! Substituting the Planck length into line 3.
       6.  M = (hc/G)0.5 ! ! Solving for M.
       7.  M = Pm! ! ! This value for M is the Planck mass.
  
At the maximum velocity possible for a particle, the Compton wavelength becomes the Planck 
length and the rest mass m0 becomes the Planck mass. 
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       Method 212: Using the Einstein-Planck relation E = hf and Einstein’s equation       
! ! ! E = mc2

      The diagram (below) is a representation of the mass of an electron (or any particle). This is   
       a visualization of what a particle trapped between mirrors looks like. We can take this    
       diagram to the extreme and calculate the maximum possible mass of any quantum      
       mechanical particle.
! a. Take the Compton wavelength to its limit of the Planck length = (hG/c3)0.5 .
! b. The energy of this photon is E = hc/λ where λ is now the Planck length.
! c. The energy of this photon is also given by E = mc2  and we have hc/λ = mc2 .
! d. Solving for m we get that m = (hc/G)0.5. This by definition is the Planck mass.
      We come to the conclusion that the maximum mass of any quantum particle is the Planck   
      mass. The velocity Vmax is attained when a particles Compton wavelength has become the 
      Planck length.

8. The Nature of the Lorentz Transform
! The Lorentz transform [(1-v2/c2)0.5] value when v = Vmax, is the exact number needed to 
force the maximum mass of any particle to be the Planck mass. 
!
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9. A Calculation for Vmax (the maximum velocity for a quantum mechanical particle) 
We can compute the max velocity of a particle Vmax by noting that the particle has a Compton 
wavelength h/(m0c) that shrinks to a Planck length when it is at its ultimate speed Vmax . Here is 
the calculation for the maximum velocity Vmax .
! 1. PL = h/(m0 c) x (1-Vmax2/c2)0.5 .   We can solve for Vmax as follows:
! 2. PL2 = h2/(m02 c2) x (1-Vmax2/c2) 
! 3. hG/c3 = h2/(m02 c2) x (1-Vmax2/c2)
! 4. G = ch/m02  x (1-Vmax2/c2)
! 5. G/(ch) = 1/m02  x (1-Vmax2/c2), since Pm = (ch/G)0.5 we have,
! 6. 1/Pm2 = 1/m02  x (1-Vmax2/c2)
! 7.  m02/Pm2 = 1-Vmax2/c2

! 8.  Vmax2/c2 = 1- m02/Pm2 
! 9.  Vmax2 = c2(1- m02/Pm2)
! 10.  Vmax = c(1- m02/Pm2)0.5    The maximum velocity of a quantum mechanical particle 
                  is simply a function of the ratio of the rest mass m0 to the Planck mass Pm. 
! 11. We can also calculate the value of the Lorentz transform (1-Vmax2/c2)0.5 at the Vmax 
!       value. This turns out to be m0/Pm which is a very small number even for the most 
!       massive of particles like a Buckyball.
                                    
10. Vmax for Various Particles Compared to an idealized speed of light:
Speed of Light  3.00000 000xx xxxxx xxxxx xxxxx xxxxx x (108  m/s)

Vmax Electron  2.99999 99999 99999 99999 99999 99973 7 (108  m/s)

Vmax Proton 2.99999 99999 99999 99999 99117 xxxxx x (108  m/s)

Vmax Uranium Atom 2.99999 99999 99999 99498 xxxxx xxxxx x (108  m/s)

Vmax Buckyball C60 2.99999 99999 545xx xxxxx xxxxx xxxxx x (108  m/s)

The above table was made using the equation Vmax = c(1- m02/Pm2)0.5 . The speed c was    
chosen as an ideal 300,000,000 m/s to make comparisons with the Vmax values easier. This 
table used the values shown in the spreadsheet below.
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! The final value for Vmax was obtained using the online calculator at the URL 
http://keisan.casio.com/has10/Free.cgi This calculator was needed to get the many digits of 
precision needed for Vmax to be shown to be different from c.
! Note that the less massive the particle the closer its Vmax approaches c. Also note that 
our current precision on the speed of light is about 1 m/s and that all of the particles listed 
above need far more precision than that. This difference between Vmax and c may seem     
minuscule, but this is what limits the ultimate mass of all particles to the Planck mass and not 
infinity.
!
11. What is the ultimate mass of a Golf Ball: 
Let us shift to a classical object instead of a particle. A golf ball with mass 0.0459 kg will do. 
This golf ball is made up  of quantum mechanical particles. That is, particles that can interfere 
with themselves. We can make a rough estimate of the limiting mass of the golf ball with veloc-
ity. I am sure golfers are very interested in this number. Let us assume that a golf ball is made 
up  of Buckyballs (C60), just to keep  things simple. But who knows? It might make a good golf 
ball. The mass of a Buckyball is 1.19x10-24 kg. This gives 3.86x1022 Buckyballs in a 0.0459 kg 
golf ball. This number of Buckyballs times the Planck mass (the max mass of each Buckyball) 
gives the max mass of the golf ball as 8.4x1014 kg. That is a lot of mass, about a million loaded 
large container ships, but minuscule when you think of something like a star, or ridiculously 
small when you think of infinity. !
! This expanded analysis removes the elephant not only from the world of particles but 
also from the world of classical objects. The mass of any object, be it a particle or golf ball, 
may look like it is approaching infinity as its speed approaches the speed of light, but it‘s pro-
gress is blocked before it gets too close to the speed of light.

12. The Schwarzschild Radius for Particles: 
In the realm of classical physics massive objects (like stars) when they shrink and get denser 
can approach a radius called the Schwarzschild Radius (r = 2Gm/c2 ) as a limit. Perhaps this 
kind of phenomena (a consequence of general relativity) is also true of particles. We should 
check this out.
! a. The maximum mass of any particle is the Planck mass (hc/G)0.5 
! b. If we insert this mass into the formula for the Schwarzschild Radius (r = 2Gm/c2 )
               we get that r = 2GPm/c2

! c. Substituting for the Planck mass we get r = 2(G/c2) x (hc/G)0.5

! d. Simplifying we get the equation we get r = 2(Gh/c3)0.5.
! f. Noting that (Gh/c3)0.5 is the Planck length, we get that two Planck lengths are the 
              Schwarzschild radius for any particle.  It seems that when a particle (any particle) is 
!    accelerated to where its wavelength is a Planck length it has a Schwarzschild radius 
!    of 2 Planck lengths.
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This is interesting. I have made a case that the limit imposed by the Planck length is the rea-
son that particles do not have a clear path to the speed c. But it seems that there is another 
possible viewpoint as to why particles do not have a clear path to the speed c. It seems that as 
a particle approaches the speed of light, the space-time compression it experiences increases 
its density to where it gets to its Schwarzschild’s radius. And I have no notion of what exactly 
happens when this occurs. However, I believe that John Baez would be an appropriate physi-
cist to give a reasonable answer since he has given thought to this issue.13

13. Objections .....This can not be right because:
a. It conflicts with the tried and true theory of special relativity. 14  
   Response: Special relativity does not take into account quantum mechanical limits 
!   that come into effect as the speed c is approached. This is what is examined in this 
!   essay. And I believe the insights in this essay build constructively on special relativity.
b. Making the Planck length fundamental is not legitimate physics. 
    Response: Sabine Hossenfelder thinks the Planck length is fundamental. 5
!     John Baez has the most interesting discussion of length and the Planck 
!    length in particular. 3

c. Who says that particle mass stops at the Planck mass?
              Response: I do, via the logic contained in this essay. Louie deBroglie’s equation         
!    (λ = h/mv) which works very well for an electron, is usually interpreted as valid for   
!    classical mass objects. This is a mistake but not as conspicuous a mistake as    
!    having electrons capable of approaching infinite mass.
d. How can both an electron and a Buckyball end up with the same ultimate mass value 
    of the Planck mass? 
    Response: They attain their ultimate mass at different Vmax velocities. The electron 
        may start out a lot lighter than a Buckyball, but at its ultimate mass, it is moving 
               closer to the speed of light.
e. This is a theory that cannot be tested!
    Response: This is true. At the present time I cannot think of any experiments that 
              can be performed to test this theory. But it is possible that at some time in the future 
!    we can generate particles that are energetic enough and with enough precision 
!    that we can verify this theory directly. 
! ! The elephant part of special relativity theory M = m0/(1-v2/c2 )0.5 however can 
!    never be verified. How can you verify that a mass will approach infinite value?  
!    There are some factors that make this theory more palatable than the infinite 
!    mass theory:
! ! 1. No particle (in the quantum mechanical sense) has ever been seen with a 
!                mass that exceeds the Planck mass. There have been many high energy     
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! !     particle collision experiments and none have made particles that have             
      even approached the Planck mass. Particle physicists have been trying very 
! !     hard to get collisions energetic enough to generate the Higgs’ boson thought
                          to be about 125 Gev. The Planck mass by contrast is 1.2 x 1019 Gev
! ! 2. The most massive particle that has been verified as to having the quantum 
! !     mechanical property of interference is the Buckyball C60 4. The Buckyball     
!                 has a mass of 1.2 x 10-21 kg. The Planck mass has a mass of 2.2 x 10-8 kg. !
           The reason we do not see massive particles is because they do not exist beyond the  
! Planck mass.
f. How can a modern physical theory use only the tools of simple algebra? 
 Response: This essay contains no partial differential wave equations, no tensors, no 
 multidimensional strings, no advanced geometries, etc, etc.. Kind of refreshing, is it not.
     Do I have a dislike for advanced mathematical techniques? No. All of        
 mathematics is one of the great achievements of mankind. It is only when mathematics 
 is forced unreasonably upon physics that I object. The image that I have goes like this: 
 Planetary motion must be circular because circles are perfect. 
g. This is nothing but an exercise in numerology.
 Response: I would have to say that the techniques used in this essay could reasonably 
 be called “Planck Unit Numerology” (PUN). My suspicion is that the work done here is 
           only a very small exploration of a mine that is full of treasures.

14. Summary:
! 1. Particles can never be accelerated to “c” because they hit their respective Vmax    
!     values first and can not be accelerated further. This is because particles are        
!     characterized by their Compton wavelength and at Vmax the Compton wavelength 
!     has shrunk to the Planck length, as short as anything can get. The Lorentz           
!     contraction (1-v2/c2)0.5 seems to indicate that that the velocity of a particle v can be 
!     taken to c but as shown in this essay it can only be taken to Vmax just short of c.
               Say goodbye to the elephant.
! 2. Vmax is different for particles with different rest masses m0 .
! ! Vmax = c(1- m02/Pm2)0.5 .
! 3. All rest masses m0 when they are accelerated to their respective Vmax value:
! ! a. Have the same Compton wavelength which is the Planck length.
! ! b. Have the same mass which is the Planck mass.
! ! c. Have a Lorentz contraction that is equal to m0 /Pm

! ! d. Have a Schwarzschild radius that is two Planck lengths.
! 4. Since classical masses (like golf balls) are composed of particles, they will not       
!     approach infinite mass as their velocity approaches the speed of light. 
QED (Quirkish Elephant Demystified)
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Glossary:

M = m0/(1-v2/c2 )0.5 :!The equation that shows mass increase with velocity. Known  !
! !                    as the elephant in this essay.           
                  (1-v2/c2)0.5 :  Referred to as the Lorentz transform (and Lorentz contraction) in this 
! ! !         essay. It is an integral part of special relativity. It’s value goes to zero 
!  ! !         as v goes to c.   
! !           m0 :  The symbol that stands for the rest mass of an object or particle.
! ! !   v :  The symbol that stands for velocity or speed.
! ! !   c :  The symbol for the speed of light. Its value is 2.99792458×108 m s−1

!      λc = h/(m0c) :  The Compton wavelength of a particle when it is at rest. 
! ! !          When a particle is moving its Compton wavelength is subject to     
! ! !          relativistic shortening and becomes: λc = h/(m0c) x (1-v2/c2)0.5 .
                      λ = h/mv :  The deBroglie equation that correctly predicts the mass gain of an 
! ! !          electron with velocity. The limit for mass in this equation has 
! ! !          never been tested beyond the mass of a Buckyball.
! ! !    h :  The Planck constant. It has a value of 6.626068 × 10-34 m2 kg / s
              Buckyball C60 :  The largest molecule that has been shown to exhibit the quantum        
! ! !           mechanical wavelike property of interference.
! !         NIST :  National Institute of Standards and Technology, formerly known as
! ! ! ! the National Bureau of Standards.
            Planck Length :  PL = (hG/c3)0.5 . It has the value of 1.616 199(97) × 10−35 meter.
               Planck Mass :  Pm = (hc/G)0.5 . It has the value of 2.176 51(13) × 10−8 kg.
! !               G :  The gravitational constant. Its value is 6.67384(80)×10−11 m3kg−1s−2

!                                E = hf :  The Planck-Einstein relation and one of the foundations of quantum 
! ! !            mechanics.
! !                f :  The frequency of a particle. It is usually tied to the wavelength of the 
! ! !            particle via the equation c = fλ where λ is the wavelength of the 
! ! ! !  particle.
!              E = mc2  :  Einstein’s relation that linked mass and energy.
Vmax = c(1- m02/Pm2)0.5 :  The maximum velocity of a quantum mechanical particle. 
Schwarzschild radius:  The distance from the center of an object such that, if all the mass 
   (r = 2Gm/c2)                  of the object were compressed within that sphere, the escape 
! ! ! ! speed from the surface would equal the speed of light.
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