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Abstract

Here we examine maximum proper velocity (sometimes referred to as celerity), based on the recently
suggested maximum velocity for anything with rest mass, as given by Haug. Proper velocity, W =

vp
1�v

2
/c

2
, is a quantity that has been suggested for use in a series of calculations in relativity theory.

Current standard theory imposes no limit on how close to infinity the proper velocity for an object with
mass can be. Under our extended theory, by contrast, there is a strict upper limit on the proper velocity
for anything with rest mass, which again is directly related to our newly suggested maximum velocity for
anything with rest mass.
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1 Maximum Proper Velocity

The less known proper velocity was probably first introduced by Sears and Brehme in 1968 as a suggested
useful quantity in addition to the well-known standard relative velocity (familiar coordinate velocity), see
[1]. Proper velocity has later been used in a series of relativistic calculations (see for example [2, 3, 4, 5])
including also relativistic rocket science [6]. Proper velocity is defined as taking the distance, as measured
from the observer frame, divided by the time traveled as measured in the rocket frame (moving frame).
Mathematically the proper velocity is defined as

W =
vq
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c

2

(1)

Proper velocity is very close to standard velocity (familiar coordinate velocity) when we are traveling
at low velocities, v << c. But at high velocities the di↵erence between standard and proper velocity can
become enormous. Standard physics assumes that the velocity of objects with rest mass can be as close
to c as we want. In standard theory, moreover, proper velocity for objects with rest mass has no upper
boundary; it has no limit on its proximity to infinity, something that is directly expressed by, for example,
Fraundorf [5]:

It shows that momentum like proper velocity has no upper limit,....

We agree that the proper velocity for a beam of light must be equal to infinity, thereby having no
upper limit.1 However, based on recent research, [7, 8, 9], we have reason to believe that the maximum
velocity for anything with mass has an exact boundary below the speed of light, which is likely given by

v
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= c
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, (2)

where l
p

is the Planck length [10] and �̄ is the reduced Compton wavelength of the particle in question.
This again leads to a maximum proper velocity for anything with rest mass:
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1
This basically simply because time stands still when traveling at the speed of light, and a distance divided by a zero time

interval gives infinity.
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For experimentally known particles, we have �̄ >> l
p

, which allows for a very good approximation by

using the first-term series expansion:
q
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When �̄ >> l
p

we have

W
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. (5)

This means, for example, that the maximum proper velocity for an electron is likely to be
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⇡ c
3.861593⇥ 10�13

1.616199⇥ 10�35
⇡ 7.162957⇥ 1030 m/s. (6)

Of importance here is the presence of an upper boundary on the proper velocity. Proper velocity is
also known as momentum per unit of rest mass. In this case we obtain the maximum momentum for a
particle per rest mass of the particle of interest. When �̄ >> l
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we have
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where m
p

is the Planck mass and m is the mass of the particle of interest. For example, an electron
yields W

max

⇡ m
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e

⇡ 7.162957⇥ 1030 m/s, which is the same maximum proper velocity as given by the
calculation above. Again, proper velocity should not be confused with the familiar coordinate velocity.

Interesting too is that

arcsin

✓
7.162957⇥ 1030

c

◆
= 52.22102184,

which is the maximum rapidity for an electron, as given by [11].
In the special case of a Planck mass particle, we cannot use the approximation given by equation 4.

Rather, we are compelled to use the exact formula given by equation 3. For a Planck particle, the reduced
Compton wavelength is equal to the Planck length, yielding a maximum proper velocity of
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This is no surprise, as [7] has shown that a Planck mass is probably the very collision point of two
photons. At this particular collision point the light particles are changing directions (backscattering) yet
standing still for an instant. The Planck mass and the Planck length are invariant under this theory; this
again can only happen if the Planck mass particle only lasts for an instant, as discussed in more detail
by [7].



3

2 Conclusion

Haug’s recently suggested maximum velocity for anything with rest mass constitutes the basis for sug-
gesting a maximum proper velocity. This is in contrast to current standard theories, which impose no
limitations on how close proper velocity can be to infinity.
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