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Abstract

In this paper, we will revisit the derivation of Heisenberg’s uncertainty principle. We will see how the
Heisenberg principle collapses at the Planck scale by introducing a minor modification. The beauty of our
suggested modification is that it does not change the main equations in quantum mechanics; it only gives them
a Planck scale limit where uncertainty collapses. We suspect that Einstein could have been right after all, when
he stated, “God does not throw dice.” His now-famous saying was an expression of his skepticism towards the
concept that quantum randomness could be the ruling force, even at the deepest levels of reality. Here we will
explore the quantum realm with a fresh perspective, by re-deriving the Heisenberg principle in relation to the
Planck scale.

We will show how this idea also leads to an upper boundary on uncertainty, in addition to the lower boundary.
These upper and lower boundaries are identical for the Planck mass particle; in fact, they are zero, and this
highlights the truly unique nature of the Planck mass particle. Further, there may be a close connection between
light and the Planck mass particle: In our model, the standard relativistic energy momentum relation also seems
to apply to light, while in modern physics light generally stands outside the standard relativistic momentum
energy relation.

We will also suggest a new way to look at elementary particles, where mass and time are closely related,
consistent with some of the recent work in experimental physics. Our model leads to a new time operator that
does not appear to be in conflict with the Pauli objection. This indicates that both mass and momentum come
in quanta, which are perfectly correlated to an internal Compton ‘clock’ frequency in elementary particles.

Key words: Heisenberg’s uncertainty principle, certainty, wave function, Planck scale, Planck mass, Planck
particle, Bell’s Inequality, superposition, entropy, Compton clock.

1 Introduction to the Momentum and Energy Operators

A commonly used wave function1 in quantum mechanics is

Ψ(x, t) = ei(kx−ωt) (1)

where ω = E
h̄

, and

k =
2π

λ
(2)

From the de Broglie matter wave, we know that

λ =
h

p
(3)

This means we have

k =
p

h̄
(4)

and this means we can write the wave equation also as (well-known)

Ψ = ei(
p
h̄
x−E

h̄
t) (5)

∗Thanks to Victoria Terces for helping me edit this manuscript. Thanks also to several anonymous reviewers for useful comments.
1 The plane wave solution to the Klein–Gordon equation and the Schrödinger equation.
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Next we take the partial derivative with respect to x and get

∂Ψ

∂x
=
ip

h̄
Ψ (6)

Multiplying each side by h̄
i

we get

h̄

i

∂Ψ

∂x
= pΨ

−ih̄ ∂Ψ

∂x
= pΨ (7)

and from this we have the well-known momentum operator

p̂ = −ih̄ ∂

∂x
(8)

Next, we will use this information to derive Heisenberg’s uncertainty principle.

2 Introduction to Commutators, Operators, and Heisenberg’s
Uncertainty Principle

A standard commutator is given by

[Â, B̂] = ÂB̂ − B̂Â (9)

If [Â, B̂] 6= 0, then Â and B̂ do not commute. If [Â, B̂] = 0, then Â and B̂ do commute. Based on this, we
have the following uncertainty

σAσB =
1

2
|〈Â, B̂〉| = 1

2
|
∫

Ψ∗[Â, B̂]Ψdx| (10)

where Ψ∗ is the complex conjugate of Ψ, and we see from the expression above that if Â and B̂ commute,
there is no uncertainty. The Heisenberg uncertainty principle [1, 2] can be derived from the following commutator

[p̂, x̂] = p̂x̂− x̂p̂ (11)

where the p̂ is the momentum operator and x̂ is the position operator. Again, the momentum operator is
given by

p̂ = −ih̄ ∂

∂x
(12)

and the position operator is given by

x̂ = x (13)

From this we have

[p̂, x̂]Ψ = [p̂x̂− x̂p̂]Ψ

=

(
−ih̄ ∂

∂x

)
(x)Ψ− (x)

(
−ih̄ ∂

∂x

)
Ψ

= −ih̄
(

Ψ + x
∂Ψ

∂(x)

)
+ ih̄x

∂Ψ

∂(x)

= −ih̄
(

Ψ + x
∂Ψ

∂(x)
− ∂Ψ

∂(x)

)
= −ih̄Ψ (14)

And we have the following uncertainty

σpσx ≥ 1

2
|
∫

Ψ∗[p̂, x̂]Ψdx|

≥ 1

2
|
∫

Ψ∗(−ih̄)Ψdx|

≥ 1

2
| − ih̄

∫
Ψ∗Ψdx| (15)

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 5 September 2018                   doi:10.20944/preprints201805.0258.v2

http://dx.doi.org/10.20944/preprints201805.0258.v2


3

and since
∫

Ψ∗Ψdx must sum to 1 (there must be 100% probability for the particle to be somewhere), we are
left with

σpσx ≥ 1

2
| − ih̄|

σpσx ≥ h̄

2
(16)

that is as expected, we arrive at the Kennard version of Heisenberg’s uncertainty principle. The Heisenberg
uncertainty principle is the foundation of many of the results and interpretations of quantum mechanics.

3 The Planck Scale and Haug’s Maximum Velocity for Matter

In 1899, Max Planck [3, 4] introduced what he called the ‘natural units’: the Planck mass, the Planck length,
the Planck time, and the Planck energy. He derived these units using dimensional analysis, assuming that the
Newton gravitational constant, the Planck constant, and the speed of light were the most important universal
constants. Lloyd Motz, while working at the Rutherford Laboratory in 1962, [5–7] suggested that there was
probably a very fundamental particle with a mass equal to the Planck mass that he called the “Uniton.” Motz
acknowledged that his Unitons (Planck mass particles) had far too much mass compared to known subatomic
masses. He tried to address this issue by claiming that the Unitons had radiated most of their energy away:

According to this point of view, electrons and nucleons are the lowest bound states of two or more
Unitons that have collapsed down to the appropriate dimensions gravitationally and radiated away
most of their energy in the process. – Lloyd Motz

Others have suggested that there were plenty of Planck mass particles around just after the Big Bang; see [8],
but that most of the mass of these super-heavy particles has radiated away. Modern physics has also explored
the concept of a hypothetical Planck particle that has

√
π more mass than the Uniton originally suggested by

Motz. Some physicists, including Motz and Hawking, have suggested that such particles could be micro black
holes [9–11]. Planck mass particles have even been proposed as candidates for cosmological dark matter, [12, 13].

We will suggest that the Planck mass particle only lasts for one Planck second and that its mass should be
seen as approximately 1.17× 10−51 kg compared to other particles. This would give an alternative explanation
of why we have not observed the Planck mass particle yet. Its lifetime is very short and instead of expecting a
very large mass of mp ≈ 2.17651× 10−8kg, we should look for the smallest mass there is: mptp = h̄

lp

1
c

lp
c

= h̄
c2

.

The Planck mass particle is, in our view, the mass gap. It is an observational time window dependent mass.
In other words, we do not need to link the missing Planck mass particle to the idea that it only existed at the
beginning of the Big Bang, or in the form of dark matter or micro black holes, as others have proposed. Instead
we will maintain that the Planck mass particle could be the building block of all elementary particles.

We suspect that all other masses are time-dependent as well, but this will likely first be noticeable when one
is trying to measure their mass in an observational time window below their reduced Compton time, something
we are not capable of doing at the moment. Recent experimental research [14] has concluded that “This directly
demonstrates the connection between time and mass”, where there is discussion about what the authors refer to
as “Compton frequency.”

We will come back to this idea repeatedly from a theoretical point of view in this article, in particular, under
the section on time operators. The electron’s mass can be found experimentally from the electron’s reduced
Compton wavelength [15]. To measure whether or not an electron mass is time-dependent, we would likely need

an observational time interval of λ̄e
c

, or less. That is to say, we suggest that elementary particles (internally) are
a type of Compton clock. This supports our idea that the elementary particle mass could be dependent on the
observed time interval, if that interval is below the reduced Compton time, tc = λ̄

c
, of the particle in question

In a series of recent publications, Haug [16–19] has suggested that there is a maximum velocity for anything
with rest-mass given by

vmax = c

√
1−

l2p

λ̄2
(17)

where lp is the Planck length. Further, λ̄ is the reduced Compton wavelength of the elementary particle in
question. The maximum velocity formula can be derived several ways: by assuming that the maximum relativistic
mass an elementary particle can take is equal to the Planck mass, for example. An alternative derivation that
gives the same result is to assume the shortest possible reduced Compton wavelength is the Planck length, even
after relativistic length contraction, which gives
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λ̄

√
1− v2

c2
≥ lp

1− v2

c2
≥

l2p

λ̄2

v ≤ c

√
1−

l2p

λ̄2
(18)

Alternatively, we could have derived it from the assumption that the maximum frequency is the Planck
frequency. One can also obtain the maximum velocity formula from the Heisenberg uncertainty principle by
simply assuming that the smallest possible uncertainty in position is the Planck length; see Appendix A for a
derivation. In addition, [16] contains a discussion of a precursor to this formula as well, but it had not been
linked to the Planck length yet. The formula was first derived from atomism and shows how we get all the
same mathematical end results as special relativity theory, but with this additional maximum velocity formula.
This leads to Planck limits on a long series of formulas that otherwise have only infinity limits under standard
physics. So, there are different ways to derive the formula that all seem to offer the same answer.

For any observed particle, the maximum velocity will be very close to that of the speed of light, but consid-
erably above the speed achieved in the Large Hadron Collider. An electron has a reduced Compton wavelength
of λ̄e ≈ 3.86159× 10−13 m and here we suggest that it can never be accelerated to a velocity faster than

v = c

√
1−

l2p

λ̄2
e

= c× 0.99999999999999999999999999999999999999999999912416 (19)

In the above calculation, we have assumed a Planck length of 1.616199× 10−35 m. As there is considerable
uncertainty about the exact value for the Planck length, there is also some uncertainty about the theoretical value
for the maximum speed limit of the electron. NIST (2014) CODATA reports a relative standard uncertainty for
the Planck length of 2.3× 10−5 and a standard uncertainty of 0.000038× 10−35 m. .

In our framework, the Planck length and the Planck mass can be measured independent of any prior knowledge
of Newtonian gravity or the gravitational constant, as recently shown by [19, 20]. Here we will show that the
Heisenberg uncertainty principle breaks down at the Planck scale if the maximum velocity for matter follows
this expression.

This also means there is a maximum limit on the relativistic momentum of

Pmax =
mvmax√
1− v2

max
c2

=
mc

√
1− l2p

λ̄2√
1−

(
c

√
1−

l2p

λ̄2

)2

c2

= mpc

√
1−

l2p

λ̄2
(20)

From the formula we see that the maximum momentum for most particles is very close to the Planck mass
momentum mpc. However, the Planck mass particle has zero momentum as λ̄ = lp. We think that just as there
is rest-mass energy, there is also what we can call “potential momentum,” or rest-mass momentum, which is mc,
but possibly only for the Planck mass particle. A momentum of mc has often been related to massless particles,
and we will soon come to that. The Planck mass particle is always at rest (when it exists, which is only for
a Planck second), so it has potential momentum of mpc, but zero traditional momentum in its rest state. No
particle with rest-mass can move at the speed of light, and the fact that the Planck mass momentum is assumed
to be mpc indicates it is not a normal momentum, but rather a rest-mass momentum.

Further, in the wave equation it is momentum and kinetic energy that are relevant. The maximum kinetic
energy is given by
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Ek =
mc2√

1− v2
max
c2

−mc2

=
mc2√

1−

(
c

√
1−

l2p

λ̄2

)2

c2

−mc2

=
mc2√

1− 1 +
l2p
λ̄2

−mc2

= mpc
2 −mc2

=
h̄

lp

1

c
c2 − h̄

λ̄

1

c
c2

= h̄c

(
1

lp
− 1

λ̄

)
(21)

This means the wave function at the suggested maximum velocity for the anything with rest-mass is given
by

Ψ = e
i

(
pmax
h̄

x−Emax
h̄

t

)

= e
i

(
mpc

√
1−

l2p

λ̄2

h̄
x−

h̄c

(
1
lp
− 1
λ̄

)
h̄

t

)
(22)

from this we have

∂Ψ

∂x
=

impc

√
1− l2p

λ̄2

h̄
Ψ

h̄

i

∂Ψ

∂x
= mpc

√
1−

l2p

λ̄2
Ψ

−ih̄ ∂Ψ

∂x
= pΨ (23)

so the momentum operator is

p̂ = −ih̄ ∂

∂x
(24)

That is to say, the same momentum operator is just as before, so this will not change Heisenberg’s uncertainty
principle. However, there is one exception to the rule, namely for a Planck mass particle where the reduced
Compton wavelength is λ̄ = lp. Inserted into the wave equation, we get

Ψ = e
i

(
mpc

√√√√1−
l2p

l2p
h̄

x−
h̄c

(
1
lp
− 1
lp

)
h̄

t

)

= e
i

(
mpc
√

1−1

h̄
x− h̄c(1−1)

h̄
t

)

= e
i

(
mpc×0

h̄
x− h̄c×0

h̄
t

)
= 1 (25)

This means the wave function for the Planck mass particle in this view is always one. Bear in mind that Ψ
also is considered the probability amplitude, and that the probability amplitude squared is considered to be a
probability. If we had gotten a negative value or a value above one, we should be concerned that our special
case of the wave function was unphysical. The fact that we obtain one is, on the other hand, mathematically
sound from a probability perspective as well. Still, what would the interpretation be if the Planck mass particle
always has a probability of one? We think this should be seen in the light of the discussion of our maximum
velocity formula. Namely that the Planck mass particle likely can only exist for one Planck second, and then it
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stands absolutely still. When we say the probability amplitude of the Planck mass particle always is one, that
is naturally inside the time interval it exists, and it only exists for one Planck second.

This means that we have a momentum operator of

∂Ψ

∂x
= 0 (26)

Thus, the momentum operator must be zero for the Planck mass particle. Therefore, we must have

[p̂, x̂]Ψ = [p̂x̂− x̂p̂]Ψ

=

(
−0× ∂

∂x

)
(x)Ψ− (x)

(
−0× ∂

∂x

)
Ψ

= 0 (27)

That is, p̂ and x̂ commute for the Planck particle, but do not commute for any other particle. For formality’s
sake, the uncertainty in the special case of the Planck particle must be

σpσx ≥ 1

2
|
∫

Ψ∗[p̂, x̂]Ψdx|

≥ 1

2
|
∫

Ψ∗(0)Ψdx|

≥ 1

2
| − 0×

∫
Ψ∗Ψdx| = 0 (28)

In the special case of the Planck mass particle, the uncertainty principle collapses to zero. In more technical
terms this implies that the quantum state of a Planck mass particle can simultaneously be a position and a
momentum eigenstate. That is, for the special case of the Planck mass particle we have certainty. In addition,
the probability amplitude of the Planck mass particle will be one Ψp = e0 = 1. However, we have claimed
the Planck mass particle only lasts for one Planck second. We think the correct interpretation is that if one
observes a Planck mass particle, then one automatically also knows its momentum, since a Planck mass particle
(according to our maximum velocity formula) must stand still. In other words, for this, and only for this particle
one knows the position and momentum at the same time. All particles other than the Planck mass particle will
have a wide range of possible velocities for v, which leads to the uncertainty in the uncertainty principle.

We will claim the Planck mass particle always has rest-mass momentum equal to mpc, and if we have detected
a Planck mass particle, we know its position and its momentum. However, within one Planck second the Planck
mass particle dissolves into energy. We also get a hint about the lifetime of a Planck particle from the Planck

acceleration, ap = c2

lp
≈ 5.56092× 1051 m/s2. The Planck acceleration is assumed to be the maximum possible

acceleration by several physicists; see [21, 22], for example. The velocity of a particle that undergoes Planck

acceleration will actually reach the speed of light within one Planck second: aptp = c2

lp

lp
c

= c. However, we

know that nothing with rest-mass can travel at the speed of light, so no “normal” particle can undergo Planck
acceleration if the shortest possible acceleration time interval is the Planck second. The solution is simple. The
Planck acceleration is an internal acceleration inside the Planck particle that within one Planck second turns
the Planck mass particle into pure energy. This also explains why the Planck momentum is so special, namely
always mpc, unlike for any other particles, which can take a wide range of velocities and therefore a wide range
of momentums.

In addition, for other elementary particles, such as electrons when accelerated to their maximum velocity

vmax = c

√
1− l2p

λ̄2 , we have

Ψ = e
i

(
pmax
h̄

x−Emax
h̄

t

)

Ψ = e
i

(
mpc

√
1−

l2p

λ̄2

h̄
x−

h̄c

(
1
lp
− 1
λ̄

)
h̄

t

)

Ψ = e
i

(
h̄
lp

1
c
c

√
1−

l2p

λ̄2

h̄
x−c

(
1
lp
− 1
λ̄

)
t

)

Ψ = e
i

(√
1
l2p
− 1
λ̄2 x−c

(
1
lp
− 1
λ̄

)
t

)
(29)
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Assume now x = lp and t =
lp
c

; we then get

Ψ = e
i

(√
1
l2p
− 1
λ̄2 lp−c

(
1
lp
− 1
λ̄

)
lp
c

)

Ψ = e
i

(√
l2p

l2p
−
l2p

λ̄2−
(
lp
lp
− lp
λ̄

))

Ψ = e
i

(√
1−

l2p

λ̄2−1+
lp
λ̄

)
(30)

and for any observed elementary particle so far, like the electron, λ̄ >> lp and since 1 >>
l2p
λ̄2 and 1 >>

lp
λ̄

,
this can be approximated very well as

Ψ ≈ ei(
√

1−1) = ei×0 = 1 (31)

Again, we will claim the probability amplitude for any particle is one at the Planck scale, that is when
observed at a Planck time interval when it moves at its maximum velocity. This means that the momentum and
energy operators must be zero and uncertainty collapses at the Planck scale, when any elementary particle is
accelerated to our suggested maximum velocity and where its relativistic mass is the Planck mass. This points
towards the uniqueness of the Planck scale.

3.1 Composite particles and maximum velocity

Some may wonder about how our suggested maximum velocity behaves in relation to composite particles that
consist of elementary particles with different reduced Compton wavelengths. The maximum velocity of any
composite object (even a nucleus) is likely to be limited by the elementary particle with the shortest reduced
Compton wavelength from which it is constructed, as first suggested by [18]. Our interpretation, based on
extensive theoretical research, indicates that the elementary particle could burst into energy when reaching its
maximum velocity. A composite particle such as a nucleus would then likely break apart. Interestingly, the energy
levels we are talking about in relation to the maximum velocity are not far above the Hagedorn temperature.
The Hagedorn temperature [23] is a theoretical temperature where quarks can be extracted (evaporated) from a
proton. The Hagedorn temperature is extremely high; according to traditional grand-unified string models, it is
said to be about 1030 kelvin, see [24]. The Hagedorn temperature is about two orders of magnitude smaller than

the Planck temperature, which is
mpc

2

kb
≈ 1.42 × 1032 kelvin. In other words, it is not that strange to expect

that the nucleus must break apart when the elementary particle with the shortest reduced Compton wavelength
reaches its maximum velocity as suggested by the formula here, which leads to a Planck energy and therefore
a Planck temperature in the elementary particle. This, however, indicates that the nucleus, if consisting of
elementary particles with different reduced Compton wavelengths, would have a temperature somewhat below
the Planck temperature when first breaking apart. As we are talking about quantum physics, the elementary
particle reaching its maximum velocity will have a local temperature of exactly the Planck temperature at that
point in time, but the composite particle must have a somewhat lower temperature. Whether or not this is
somehow directly linked to the Hagedorn temperature we do not know at this point in time, but it could be
worth further exploration.

4 A New Time Operator That Does Not Seem To Be in Conflict
with the Pauli Objection

Time operators have not been commonly used in quantum mechanics. Time in quantum mechanics has, therefore,
typically been considered only a parameter, but not an operator. The main resistance against time operators can
be traced back to Wolfgang Pauli’s strong objection [25] regarding the existence of a self-adjoint time operator.
As we understand it, the Pauli objection is closely related to the concept that energy and time will not have the
same spectrum.

Pauli’s objections have encountered several counterexamples, criticisms, and discussions; see, for example,
[26–40]. Some have taken the Pauli objection to the extreme, and argued that time between two events is
meaningless in quantum mechanics, [41], “I prove that quantum theory rules out the possibility of any quantity
that one might call ’the time interval between two events.”. Others have tried to come up with creative, yet
potential acceptable time operators by introducing dynamic time operators, or clocks that are outside the
quantum system and therefore may be able to bypass the Pauli objection. Here we will suggest a new time
operator. Modern physics, despite enormous progress in understanding time (in particular through the work of
Larmor [42] and Einstein’s special relativity theory [43]), does not have all the answers on what time is, or is
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not, at the deepest quantum level. In our view, elementary particles may be seen as subatomic quantum clocks.
However, this new perspective does not mean we claim to have all the answers either and further work is to be
done.

We will suggest a new way to look at particles that is related to Schrödinger’s [44] hypothesis in 1930 of
a (”trembling motion” in German) in the electron. Schrödinger indicated that the electron was in a sort of

trembling motion 2mc2

h̄
≈ 1.55269 × 1021 per second. We will suggest that the electron is in a Planck mass

state c
λ̄e
≈ 7.76344× 1020 times per second (exactly half of that of Schrödinger’s “Zitterbewegung” frequency).

However, each Planck mass state only lasts for one Planck second and we therefore get the normal electron mass
from

c

λ̄e
mp

lp
c

=
h̄

λ̄e

1

c
≈ 9.10938× 10−31 kg (32)

We can also look at the same idea from a slightly different angle. It is well-known that the mass of any
elementary particle can be expressed as

m =
h̄

λ̄

1

c
(33)

This can be rewritten as

m =
h̄

λ̄

1

c

m =
h̄
c2

λ̄
c2

1

c

m =
h̄

c2
1
λ̄
c

(34)

The part λ̄
c

we can call the reduced Compton time t, and we then have

m =
h̄

c2
1

t
(35)

again for example for an electron we have a reduced Compton time of λ̄
c

= 1.29 × 10−21 s, that again gives
me = h̄

c2
1
t
≈ 9.10938× 10−31 kg.

That is to say, every elementary particle is also a clock ticking at the reduced Compton periodicity. The idea
of an internal clock with a clock frequency close to the ‘Zitterbewegung” frequency in the case of the electron is
not new; see [45, 46], for example. The link between mass and Compton time frequency seems to be supported
by recent experimental research. Dolce and Perali [47] conclude that “the rest-mass of a particle is associated
to a rest periodicity known as Compton periodicity”. Again, in our model the reduced Compton periodicity is
directly linked to a Planck mass event that lasts for one Planck second. In other words, we think the formula
m = h̄

c2
1
t

should be taken literally, that is all elementary particles ticking at the Compton periodicity 1
t
, where

t is the reduced Compton time, and that each tick is a Planck mass event lasting for one Planck second. This
corresponds to the mass of known particles such as the electron, and we will show that it also leads to a sound
time operator.

Be aware that h̄
c2

is indeed identical to the Planck mass times one Planck second. This also means that mass
and momentum must be quantized and will be perfectly synchronized with the internal clock frequency of the
elementary particle. This is not a surprise when each clock tick is a Planck mass lasting for one Planck second.
The mass is quantized to the Planck mass times the Planck time per reduced Compton time and, in this model,
the time-dependent momentum must be coming in quanta of

pp = mpc (36)

In addition, the Planck momentum should be seen as a momentum only lasting for one Planck second. This
means that even the velocity must come in quanta, and so we have

mv ≥ mpctp

h̄

λ̄

1

c
v ≥ h̄

lp

1

c
c
lp
c

h̄

λ̄

1

c
v ≥ h̄

c

v ≥ λ̄e (37)
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Here we think the interpretation should be that in a given observational time window, the elementary
particle must have moved at least its own reduced Compton wavelength for us to measure any momentum, even
theoretically. In other words, this does not necessarily mean that there is a minimum velocity for elementary
particles, but rather that a given elementary particle must be observed in a time window long enough to observe
the particle move one Compton wavelength in order for us to discuss the momentum of that particle.

Turning to the plane wave function of the Klein–Gordon equation, this can be written as

Ψ = e
i
h̄

(px−Et) (38)

Replacing the momentum p and the energy E, with their relativistic formulas gives

Ψ = e

i
h̄

(
mv√
1− v2

c2

x−

(
mc2√
1− v2

c2

−mc2

)
t

)
(39)

One could easily be criticized for throwing something that looks like standard relativistic physics into the
wave function. Therefore, it is important to realize that we are not allowing any mass here; this is not classical
physics. We will claim that m in the formula above (when used in the wave function) must be that of an
elementary particle, and possibly the aggregates of elementary particles, as long as they are less than or equal
to a Planck mass. Remember m = h̄

λ̄
1
c

= h̄
c2

1
t
, and replacing this as the mass in the wave equation gives

Ψ = e

i
h̄

(
h̄
c2

1
t
v√

1− v2

c2

x−
h̄
c2

1
t
c2√

1− v2

c2

t+ h̄
c2

1
t
c2t

)

Ψ = e

i
h̄

(
h̄
c2

1
t
v√

1− v2

c2

x− h̄√
1− v2

c2

+h̄

)
(40)

Now, taking the partial derivative with respect to the plane wave function with respect to time we get

∂Ψ

∂t
= − ix

h̄t

h̄
c2

1
t
v√

1− v2

c2

e

i
h̄

(
h̄
c2

1
t
v√

1− v2

c2

x− h̄√
1− v2

c2

+h̄

)

∂Ψ

∂t
= − ix

h̄t

h̄
c2

1
t
v√

1− v2

c2

Ψ

∂Ψ

∂t
= − ix

h̄t
pΨ (41)

remember t = λ̄
c

and if we set x equal to the reduced Compton wavelength, that is x = λ̄, and we get

i
h̄

c

∂Ψ

∂t
= pΨ (42)

This means that the time momentum operator is

p̂ = i
h̄

c

∂

∂t
(43)

and the time operator we suggest is simply t̂ = t. These two operators are both time operators: the momentum
time operator and the time operator. Based on its construction, this time operator must be Hermitian and self-
adjoint. In other words, the Pauli objection likely does not hold in this instance. What quantum mechanics
seems to have been missing is that elementary particles are functions of time; they are quantum clocks that tick
in every reduced Compton time period. Each tick is the Planck mass that lasts for one Planck second mptp = h̄

c2
.

Next we will check to see whether the momentum operator and time operator commute or not
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[p̂, t̂]Ψ = [p̂t̂− t̂p̂]Ψ

=

(
i
h̄

c

∂

∂t

)
(t)Ψ− (t)

(
i
h̄

c

∂

∂t

)
Ψ

= i
h̄

c

(
Ψ + t

∂Ψ

∂(t)

)
− ih̄t ∂Ψ

∂(t)

= i
h̄

c

(
Ψ + t

∂Ψ

∂(t)
− ∂Ψ

∂(t)

)
= i

h̄

c
Ψ (44)

As we can see they do not commute. Further, we get the following uncertainty relation

σpσt ≥ 1

2
|
∫

Ψ∗[p̂, t̂]Ψdt|

≥ 1

2
|
∫

Ψ∗(i
h̄

c
)Ψdt|

≥ 1

2
|i h̄
c

∫
Ψ∗Ψdt| (45)

and since
∫

Ψ∗Ψdt must sum to 1, we are left with

σpσt ≥ 1

2
|i h̄
c
|

σpσt ≥ h̄

2

1

c
(46)

That is, we have a new momentum time uncertainty principle in addition to the known momentum position
uncertainty principle.

One may then wonder if we multiply each side with the speed of light c, will we obtain the energy time
uncertainty relationship given by Heisenberg

σpcσt ≥ h̄

2

1

c
c

σEσt ≥ h̄

2
(47)

For many years, researchers in the field have questioned if the energy time uncertainty principle is valid, as it
has been assumed that one cannot have a time operator. Here we have suggested a new perspective on elementary
particles that indicates they are clocks ticking discretely through each reduced Compton time interval. Each
elementary particle is a Planck mass for one Planck second during every reduced Compton time period. This
would mean the elementary particles actually have a time tick quantization that correlates perfectly with the
energy spectra. We need no dynamic time operator or no external clocks to try to get around the Pauli objection;
we simply do so by understanding that elementary particles can be seen as quantum clocks. This means energy
must come in quanta of fh̄, where f = c

λ̄
is the Compton frequency (well known). This also means mass comes

in quanta of mptp = h̄
c2

, which is our suggested mass gap for a given observational time window.
Our analysis also leads to an interesting hypothesis. The Pauli objection could be based on wrong premises.

It is assumed one can have Hermitian and self-adjoint momentum and position operators, as it is assumed
that position and momentum are continuous, but that one cannot derive the energy time operator, as time
is considered continuous and energy has been observed to be discrete. But here we indicate that in relation
to time, energy, momentum and mass, all likely are quantized. That is mass, time intervals, momentum, and
energy are all perfectly correlated in the Compton clock mass model, and this is the reason that momentum and
position operators can be used. It is also why our time operators can be used. However, this should be done in
a consistent way, as we have demonstrated here. Naturally this is only a hypothesis and further theoretical and
observational investigation is recommended.

5 Maximum Uncertainty in Addition to Minimum Uncertainty?

Next let us look at the maximum kinetic energy multiplied by the relativistic reduced Compton time of the
particle in question
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Ekt =

 mc2√
1− v2

max
c2

−mc2
 λ̄

c

√
1− v2

max

c2

=

 mc2√
1−

(
c

√
1−

l2p

λ̄2

)2

c2

−mc2

 λ̄

c

√√√√√
1−

(
c

√
1− l2p

λ̄2

)2

c2

=

 mc2√
1− 1 +

l2p
λ̄2

−mc2
 λ̄

c

√
1− 1 +

l2p

λ̄2

= (mpc
2 −mc2)

lp
c

=

(
h̄

lp

1

c
c2 − h̄

λ̄

1

c
c2
)
lp
c

= h̄− h̄ lp
λ̄

= h̄

(
1− lp

λ̄

)
(48)

we will suggest that this is the maximum uncertainty for an elementary particle, so we must have

h̄

2
≤ σEσt ≤ h̄

(
1− lp

λ̄

)
(49)

This means we have an extended uncertainty principle with lower boundary, similar to that of Heisenberg, as
well as an additional new upper boundary. However, in the special case of a Planck mass particle, the lower and
upper boundaries on uncertainty are zero. The correct interpretation here is that for the Planck mass particle
we have a certainty principle. The energy times time for a Planck mass particle is always

Eptp = mpc
2 lp
c

= h̄ (50)

Basically, this means if we detect a Planck mass particle we know it is at rest and it has a reduced Compton
wavelength of lp that cannot undergo any length contraction, which is why it is at rest. The Planck mass particle
can only have a rest-mass of mpc

2 and a rest-mass momentum of mpc, and must have zero momentum and zero
kinetic energy. It stands absolutely still, but only for one Planck second before it dissolves into pure energy.
This is also why its relativistic reduced Compton wavelength is certain, because its velocity is always zero (when
it exists, but it only exists for one Planck second). Other particles have a velocity that can vary from zero to
almost c; this means great uncertainty in their position, their relativistic reduced Compton wavelength, their
relativistic mass, their relativistic momentum, and their relativistic kinetic energy. This interpretation is not
the standard one, but we find it to be more logical.

The Planck mass particle, in our view, is also linked to photon-photon collisions. The velocity of a light
particle at the precise moment when it collides with another light particle is the “melting point” of light and
matter; see also [48]. With that we simply mean a photon likely must be considered matter at the instant it
collides.

The uncertainty principle is, in this new perspective, actually an uncertainty about the velocity of the
particle in question, that is in turn linked to the uncertainty in the relativistic reduced Compton wavelength
of the particle. The uncertainty in the reduced Compton wavelength of a particle with momentum or kinetic
energy different from zero must be

lp ≥ λ̄
√

1− (∆v)2

c2
≤ λ̄

lp ≥ ∆x ≤ λ̄ (51)

while for the Planck mass particle we have ∆λ = 0 because for the Planck mass particle it is always λ̄ = lp,
which must mean that the Planck mass particle cannot move; it is at absolute rest for one Planck second.
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6 The Energy Momentum Relationship

For a massless particle like a photon, a rational expectation would be to set the mass equal to zero in the
energy momentum relationship. Then the energy momentum relationship gives zero energy, and therefore it is
assumed not to hold for massless particles. In the case of massless particles, it is assumed that we simply have
the following energy momentum relation E = pc = c

λ
h = fh, where f is the frequency. Here E2 = p2c2 +m2c4

does not seems to apply for massless particles, something that is well-known. However, let us take a look at the
standard momentum energy relation again. It can be written as

E2 = p2c2 +m2c4

E =
√
p2c2 + (mc2)2

E =

√√√√√
 mv√

1− v2

c2

2

c2 + (mc2)2

E =

√
m2c4

1− v2

c2

−m2c4 +m2c4

E =
mc2√
1− v2

c2

(52)

Bear in mind that the maximum velocity for a Planck mass particle is zero and that this gives

E =
mc2√

1− v2
max
c2

E = m2
pc

2 = mpcc = ppc (53)

The Planck mass particle basically has the same energy momentum relationship as the massless particle:
E = pc. However, massless particles are always expected to move at the velocity of light, while our maximum
velocity for a Planck mass particle is the exact opposite, namely a velocity of zero. We do not disagree with the
reasoning behind the speed of light, which is well-tested, but what is the speed of light exactly at the moment
it deflects and changes direction, or when a particle is colliding with another light particle? Previously, we
have suggested that the Planck mass particle likely is the collision point between two light particles [18], and
it is not too controversial to claim that photon-to-photon collisions are linked to mass; see [48]. The energy
E = ppc = mpcc seems far too great for any observed photons. In our analysis, we claim that the Planck mass

particle only lasts for one Planck second: tp =
lp
c

, before it dissolves into energy and once again travels at the
speed of light. This means this means the minimum momentum of a photon is

mpc
lp
c

=
h̄

c
(54)

and multiplied by c we get the energy of the light particle, that is h̄, and dividing this by c2 we get

m =
h̄

c2
= mptp (55)

We think the maximum velocity formula could be a key to understanding even the mass of massless particles.

7 Short Discussion of Lorentz Symmetry

Back to our break with Lorentz symmetry at the Planck scale. One could go on and compare our predicted
Lorentz symmetry breakdown with other models that also predict Lorentz symmetry breakdown, including
several quantum gravity models. However, as we are not yet able to test at such energy scales or to observe
anything close to such time intervals (Planck time), we think such a comparison is better left to another time.
Liberati [50] mentions several interesting constraints on Lorentz symmetry breaking. An important question is
to what degree new physics at the Planck scale could be weakly detected at lower energies; this is discussed by
[51, 52], for example. Initial investigation indicates that our maximum velocity formula leads to no detectable
differences for known particles before one reaches velocities and energy levels far above what can be done at
the Large Hadron Collider today. Still, there is room for further study, as a recent review article [53] on the
possibility for Lorentz symmetry breaking in relation to quantum gravity predictions and experiments noted:
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In conclusion, though no violation of Lorentz symmetry has been observed so far, an incredible
number of opportunities still exists for additional investigations.

In a wider perspective, we have suggested that all elementary particles are Compton clocks that tick at a
reduced Compton frequency. In our model, each clock tick is a Planck mass lasting for one Planck second. This
means the mass of elementary particles in our model will be observational time-dependent at time intervals
below (or even close to) the reduced Compton time window. To our knowledge we have not been able to observe
elementary particles in such short time intervals yet. However, recent observational research seems to support
the idea that masses are linked to Compton time frequency [14, 47]. Further, we have indicated that the nucleus
of an atom will likely break apart before it reaches the Planck temperature. Still, more research is clearly needed
before any conclusion is made.

8 Possible Implications

Our maximum velocity of matter, which is directly linked to the Planck scale, has a series of potential implications
for quantum mechanics that we will mention briefly here. These topics should be investigated further before a
final conclusion is made.

Renormalization

Renormalization might no longer be needed. Even though renormalization has become an accepted method
over time, this was not the case originally. One prominent critic of renormalization was Richard Feynman [54].
Clearly, he had a central role in the development of quantum electrodynamics, and yet he claimed

The shell game that we play ... is technically called ’renormalization’. But no matter how clever the
word, it is still what I would call a dippy process! Having to resort to such hocus-pocus has prevented
us from proving that the theory of quantum electrodynamics is mathematically self-consistent. It’s
surprising that the theory still hasn’t been proved self-consistent one way or the other by now; I
suspect that renormalization is not mathematically legitimate. – Richard Feynman, 1985

In 1987, Feynman [55] again commented on renormalization

Some twenty years ago one problem we theoretical physicists had was that if we combined the
principles of quantum mechanics and those of relativity plus certain tacit assumptions, we seemed
only able to produce theories (the quantum field theories), which gave infinity for the answer to cer-
tain questions. These infinities are kept in abeyance (and now possibly eliminated altogether) by the
awkward process of renormalization. – Richard Feynman, 1987

Our maximum velocity limit provides a clear cut-off point on energy limits in elementary particles. Could
this mean we no longer need renormalization?

Bell’s Theorem

Several researchers have pointed out that by implicitly assuming all possible Bell measurements occur simulta-
neously, then all proofs of Bell’s Theorem [56] violate Heisenberg’s uncertainty principle [57]. What would it
mean for the interpretation of Bell’s Theorem if Heisenberg’s uncertainty principle breaks down at the Planck
scale and we then go from uncertainty to certainty (determinism)? Interestingly, Clover states [58]

By implicitly assuming that all measurements occur simultaneously, Bell’s Theorem only applied
to local theories that violated Heisenberg’s uncertainty principle.

If Heisenberg’s uncertainty principle breaks down at the Planck scale, this will likely open up the possibility
of hidden variables, as suggested by Einstein, Podolsky, and Rosen in 1935; see [59]. We have shown that, under
our theory, Planck mass particles can commute. Further, we claim that the Planck mass particle may be the
building block of all other particles.

The three Pauli spin matrices operators (3-vector operators) are given by

Si =
h̄

2
σi

σ̂x =

(
0 1
1 0

)
, σ̂y =

(
0 −i
i 0

)
, σ̂z =

(
1 0
0 −1

)
(56)

If we can know the spin along two different axes at the same time, that would mean the spin commutators
had to commute and that the commutator is equal to zero. From the Pauli matrices above, we can calculate the
spin commutators, and we get the well-known result
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[σ̂x, σ̂y] = 2iσ̂z, [σ̂y, σz] = 2iσ̂x, [σ̂y, σ̂x] = 2iσ̂y (57)

These are all significantly different from zero, which means they do not commute, and that we cannot measure
two spin components simultaneously, according to the Pauli exclusion principle. However, since the momentum
(and angular momentum) are always zero for a Planck mass particle, we think this indicates that the Planck
mass particle must have zero spin. Thus, even if the Pauli matrices are non-relativistic, they should hold for the
Planck mass particle. We note that the Pauli matrix operators were, to our knowledge, developed for particles
with half spin; we will soon come back to how even half spin particles may be related to the Planck mass particle
and zero spin.

Bear in mind that other elementary particles with half spin when reaching their maximum velocity, as defined
by our formula, are closely related to the Planck mass particle, as they then have a relativistic mass equal to
the Planck mass. As the maximum velocity for all known non-Planck mass particles is very close to the speed
of light, an in-depth analysis would likely require a study of relativistic spin operators. However, it seems that
at the Planck second, just after an elementary particle reaches it maximum velocity, it must stand still for a
Planck second before bursting into energy. In addition, we will claim that an electron basically is a Planck mass
particle in the order of about 1021 times a second (as measured from the same frame as electron rest frame); see
discussion in the beginning of section 4. In our view it is “meaningless” to talk about a Planck mass particle
outside an observational time window of one Planck second, as this is the life time of a Planck mass particle and
we suspect that the Planck mass particle will dissolve into energy within one Planck second. Based on this new
view we suggest that there must exist a special case of the Pauli matrix operators that suddenly changes to the
matrices below when the elementary particle reaches the Planck scale:

σ̂x =

(
0 0
0 0

)
, σ̂y =

(
0 0
0 0

)
, σ̂z =

(
0 0
0 0

)
(58)

In this special case, their commutators must be zero; that is, they commute for the Planck mass particle

[σ̂x, σ̂y] = 0, [σ̂y, σz] = 0, [σ̂y, σ̂x] = 0 (59)

This again opens up for hidden variables and means the Bell’s Inequality is questionable in light of this model.
In our model, an electron possibly commutes c

λ̄e
≈ 7.76× 1020 times a second. But only for one Planck second

each time, so only in about
lp
λ̄e
≈ 4.19× 10−23 % of the observational time. In other words, it is challenging to

detect. We could say the hidden variables may be hidden at the Planck scale, that is at the Planck time interval,
which is linked to the Planck length (and the speed of light, as tp =

lp
c

). We feel this alternative perspective
opens up a new avenue in quantum mechanics, perhaps one that is more logical than a theory where there is
superluminal spooky action at distance. Instead, what if we can show that something special happens at the
Planck scale? We believe the natural units first introduced by Max Planck could be the key to moving forward
in quantum mechanics, and our way of incorporating them through our maximum velocity for anything with
rest-mass seems to be a reasonable approach. The alternative is to hold on to the notion that Lorentz symmetry
and also Heisenberg’s uncertainty principle always hold, even at the Planck scale, and that there is nothing
special with the natural units of Max Planck: the Planck mass, the Planck length, Planck time, and the Planck
energy. We think this conception is a mistake, and that further investigation is warranted.

This means that Bell’s Inequality possibly does not hold, and that there should be more discussion and
theoretical work on the topic. Experimentally, it may be difficult to confirm or disconfirm at this time, as it
likely would require Planck scale measurements, something we have not attained yet and perhaps will not attain
in the future. Still, if two theories are consistent with experiments, one should consider which theory is the
simplest from a logical point of view.

Negative Probabilities and Negative Energy: A Possible New Interpretation

In addition to a minimum uncertainty of σpσx ≥ h̄
2
, there is a maximum uncertainty of

σEσt ≤ h̄c
(

1− lp

λ̄

)
(60)

Assume that we now multiply both sides with minus one and we get

− σEσt ≥ −h̄c
(

1− lp

λ̄

)
(61)

In other words, we are basically flipping the sign of the energy operator (and the momentum operator).
We speculate that the theoretical negative energy one can mathematically obtain from the relativistic energy
momentum relationship (when used in connection with the Klein–Gordon equation), for example, should be
interpreted to mean that there is an upper limit on the relativistic energy level of elementary particles. However,
this view requires further investigation.
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Negative quasi probabilities are typically related to negative energies, as first pointed by Dirac [60] (see also
[55, 61, 62])

Thus the two undesirable things, negative energy and negative probability, always occur together.
– Paul Dirac, 1942

Negative probabilities could be linked to negative uncertainty. Both negative probabilities and negative
uncertainty cannot exist in the real world, which naturally is impossible, but mathematically could it simply
mean we have flipped the sign of the inequality and that there is a maximum limit on uncertainty, in addition
to a lower bound? Negative probabilities have been used in recent times in an attempt to explain the spooky
action at distance in Bell’s Theorem, [63]. We do not think that is the ultimate solution to the challenge, but
it does give a hint about what might have been missing in quantum mechanics, namely an exact upper limit
on energy for elementary particles, and thereby (in our theory) also a minimum distance (in terms of minimum
reduced Compton wavelength for a particle) where uncertainty collapses. As we have discussed, in the special
case of the Planck mass, the upper and lower bound are zero, and thus there is no uncertainty in that case.
There are no negative probabilities per se, they are just an indication of an upper boundary condition on the
maximum velocity for anything with rest-mass.

Entropy

It has been shown that Heisenberg’s uncertainty principle and wave mechanics are closely linked to entropy [64].
In 1957, Hirschman [65] showed that the Heisenberg principle could be expressed as a lower bound on the sum
of entropies; see also [66]. This likely indicates that a minimum entropy is a function of Heisenberg’s uncertainty
principle. Here we have shown that for the Planck mass particle there is no uncertainty, under our assumption
of a new maximum velocity of particles with rest-mass. This could mean that entropy collapses at the Planck
scale (for the Planck mass particle). This collapse of entropy would possibly only last for one Planck second.

When we are working with non-Planck mass particles, we have suggested there must be an upper limit on

uncertainty equal to σEσt ≤ h̄
(

1− lp
λ̄

)
in addition to the Heisenberg lower limit. If this is true, then it would

likely mean an upper bound on entropy. This would change our entire view on entropy and include the concept
that entropy collapses at the Planck scale. At this time, this is purely speculative and we will leave it for another
time and deeper examination to see how this could be linked to entropy, in both a mathematical and a logical
manner.

9 A New Type of Quantum Probabilities

Here we will here suggest a new way to look at particles that is related to Schrödinger’s [44] hypothesis in 1930
of a (”trembling motion” in German) in the electron. It is also linked to our Heisenberg derivation that shows
a breakdown of uncertainty for Planck mass particles. Schrödinger indicated that the electron was in a sort of

trembling motion 2mc2

h̄
≈ 1.55269× 1021 per second. We will suggest that the electron is in a Planck mass state

c
λ̄e
≈ 7.76344 × 1020 per second (about half of that of Schrödinger’s “Zitterbewegung” frequency). However,

each Planck mass state only lasts for one Planck second and we therefore get the normal electron mass from

c

λ̄e
mp

lp
c

=
h̄

λ̄e

1

c
≈ 9.10938× 10−31 kg (62)

The time it takes for the light to travel the reduced Compton wavelength. And the part h̄
c2

is equal to the
Planck mass multiplied by the Planck time.

This model leads to a new probabilistic quantum probability theory that seems to be consistent with our un-
certainty relationship as described above. We will claim that every elementary particle has a quantum probability
of

P =
lp

λ̄
(63)

which, in this model, is the probability of finding an elementary particle in its Planck mass state in a one
Planck second observational time window. As only the Planck mass particle has reduced Compton wavelength
equal to the Planck length, only the mass state of the Planck mass is certain if one finds a Planck mass
particle. So, we clearly see the probability for elementary particles will vary between zero and one. For zero
probability, we need an infinite reduced Compton wavelength. An electron, for example, will have a probability
of P ≈ 4.185× 10−23 to be in a Planck mass state for any hypothetical observational time window of one Planck
second. This means that every elementary particle can be expressed as

m = mpP = mp
lp

λ̄
(64)
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The formula that shows how an elementary particle can be expressed as a Planck mass multiplied by
lp
λ̄

is
not new, it was possibly first suggested by Hoyle, Burbidge, and Narlikar in 1994; see [67]. What is new here is

that we are interpreting
lp
λ̄

as a quantum probability for the particle to be in a Planck mass state, and that this
probability is directly linked to the Planck length, in addition to the reduced Compton length of the particle in
question.

Further, we will assume the reduced Compton wavelength must undergo standard length contraction as
measured with Einstein-Poincaré synchronized clocks when the particle is moving relative to the observer. This
will also affect the quantum probability for the particle to be in a Planck mass state. Every elementary particle
must then have a relativistic quantum probability that is

P =

lp
λ̄√

1− v2

c2

=
lp

λ̄
√

1− v2

c2

(65)

Many will likely protest here, because if we only rely on combining this with Einstein’s special relativity
theory [43] it means we can get relativistic probabilities above unity and even close to infinite probabilities. This
would be absurd and would not lead to a good theory. However, Haug’s maximum velocity of matter comes into
play, for simplicity we repeat it:

vmax = c

√
1−

l2p

λ̄2
(66)

More important is that at this maximum velocity for each particle, the quantum relativistic probability can
take on a maximum value of

P =
lp

λ̄

√
1− v2

max
c2

P =
lp

λ̄

√
1−

(
c

√
1−

l2p

λ̄2

)2

c2

P =
lp

λ̄

√
1−

c2

(
1−

l2p

λ̄2

)
c2

P =
lp

λ̄

√
1− 1 +

l2p
λ̄2

P =
lp

λ̄

λ̄

lp
= 1 (67)

Thus, Haug’s maximum velocity very elegantly leads to a maximum quantum probability of one. This means
we get a boundary condition on the quantum probability for each elementary particle for each Planck second of

lp

λ̄
≤ P ≤ lp

λ̄

√
1− v2

max
c2

lp

λ̄
≤ P ≤ 1 (68)

Still, the relativistic quantum probability range will be different for each elementary particle. This means
Einstein’s relativistic mass formula for elementary particles can be seen as

m√
1− v2

c2

=
h̄
λ̄

1
c√

1− v2

c2

=
h̄

λ̄
√

1− v2

c2

1

c
(69)

The maximum relativistic mass for any particle is the Planck mass multiplied by the maximum relativistic
probability, which is one, and not surprisingly we get

Expected relativistic maximum mass electron = mp
lp

λ̄e

√
1− v2

max
c2

= mp × 1 = mp (70)
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How should we interpret this? It means that at its maximum velocity any subatomic particle becomes
a Planck mass, when relying on our new type of quantum probabilities. This also means that the original
Heisenberg uncertainty principle collapses and becomes the certainty principle at the Planck scale. In addition,
the Lorentz symmetry is broken at the Planck scale, but not before that.

The Planck mass particle is a particularly interesting case; its reduced Compton wavelength is λ̄ = lp, which
gives a probability range for the Planck mass particle of

lp
lp
≤ Pp ≤ 1

1 ≤ Pp ≤ 1 (71)

This can only be true if the Planck particle quantum probability is always Pp = 1. This naturally means there
is no uncertainty for the Planck mass particle, as we have shown when re-deriving the Heisenberg uncertainty
principle. Our interpretation is that the Planck mass particle is the very collision point of the light particles
making up each elementary particle.

Table 1 shows the standard relativistic mass as well as the probabilistic approach; they are consistent. Be
aware that there must be a maximum velocity limit on anything with mass; this will be equal to Haug’s maximum
velocity.

Standard approach Probabilistic approach
observation in one Planck second

Electron mass m = me√
1− v2

c2

=
h̄
λ̄e

1
c√

1− v2

c2

E[m] = mpPe = mp
lp

λ̄e

√
1− v2

c2

≥ me

Proton mass m = mP√
1− v2

c2

=
h̄
λ̄P

1
c√

1− v2

c2

E[m] = mpPP = mp
lp

λ̄P

√
1− v2

c2

≥ mP

Planck mass particle mp =
mp√
1− 02

c2

= mp E[m] = mpPp = mp
lp

lp

√
1− 02

c2

= mp

Table 1: This table shows the standard relativistic mass as well as the probabilistic approach. Be aware of the
notation difference between the Planck mass mp and the proton rest-mass mP, and E[m] stands for the expected
mass.

Table 2 shows the relativistic mass when a particle is traveling at its maximum velocity. This will always
correspond to a relativistic mass equal to the Planck mass, and a quantum probability of one. Be aware that the
particle when reaching this velocity, which is above what can be achieved at LHC, likely will burst into energy
within one Planck second. So, the certainty we predict can only last for one Planck second when we are dealing
with single particles.

“Standard” approach Probabilistic approach
observation in one Planck second

Electron mass m = me√
1− v2

max
c2

= mp E[m] = mpPe = mp
lp

λ̄e

√
1− v2

max
c2

= mp × 1 = mp

Proton mass m = mP√
1− v2

max
c2

= mp E[m] = mpPP = mp
lp

λ̄P

√
1− v2

max
c2

= mp × 1 = mp

Planck mass particle mp =
mp√

1− v2
max
c2

= mp E[m] = mpPp = mp
lp

lp

√
1− v2

max
c2

= mp × 1 = mp

Table 2: This table shows the standard relativistic mass as well as the probabilistic approach at the maximum
velocity only. Be aware of the notation difference between the Planck mass mp and the proton rest-mass mP, and
E[m] stands for the expected mass.

10 The Schwarzschild Radius, the Planck Scale, and Heisen-
berg’s Uncertainty Principle

Several quantum gravity theories predict modifications of Heisenberg’s uncertainty principle near the Planck
scale: a so-called modified and Generalized Uncertainty Principle (GUP), see [68–72], for example. Our approach
seems to lead to an extension of such theories that possibly opens up new avenues for quantum gravity. We
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will see that the Schwarzschild radius is closely related to the Compton periodicity in matter, and will evaluate
how this is linked to the Planck scale and Heisenberg’s uncertainty principle. From the Schwarzschild metric
[73, 74] solution of the Einstein field equation [75], we get a radius today known as the Schwarzschild radius that
mathematically is given by modern physics as

rs =
2Gm

c2
(72)

Here we will claim the Schwarzschild radius is also equal to the Compton frequency, over one Planck second,
of the mass in question multiplied by the Planck length

rs
2

=
Gm

c2
=

c
h̄
mc

tplp =
c

λ̄
tplp = ftplp =

c

λ̄

lp
c
lp = lp

lp

λ̄
(73)

However, it will be “meaningless” with a Compton frequency of less than one per observational time window,
either one observes minimum one event or no events. This means that the smallest mass with a real Schwarzschild
radius, remembering that the observational time window is one Planck second, must be the Planck mass

rs
2

= ftplp =
c

lp

lp
c
lp = 1× lp (74)

which is consistent with standard theory, so it is not a big surprise. If the mass is smaller than the Planck
mass, we still have

rs
2

=
Gm

c2
= ftplp =

c

λ̄

lp
c
lp = lp

lp

λ̄
(75)

where for elementary particles λ̄ ≥ lp and where
lp
λ̄

, in our view, should be interpreted as a probability for a
Planck event to occur, as discussed in section 9. That is to say, if the frequency is below one in a Planck second
observational time window, then we are talking about the probability of one such event, which must be between
zero and one. For example, we will claim that an electron has a Schwarzschild radius equal to twice the Planck
length, since it is an elementary particle. However, it only has a Schwarzschild radius c

λ̄e
times per second, and

the Schwarzschild radius only lasts for one Planck second. The Schwarzschild radius is directly linked to the
Planck mass event; see section 3. This means that for an observational time window equal to the Planck time,
the expected half Schwarzschild radius for an electron is

E
[rs

2

]
= lp

lp

λ̄e
≈ 6.76× 10−58 m (76)

where λ̄e is the reduced Compton wavelength of the electron. This Schwarzschild radius is much smaller
than the Planck length, but it is only an expectation. The expected value itself will never be observed (even in
theoretical measurements), only the Planck length Schwarzschild radius exists at an elementary particle level.
This is because our model assumes that the electron and other elementary particles are Planck masses lasting for
one Planck second at the elementary particles Compton periodicity, as explained earlier in this paper. And again
this seems consistent with recent experimental research. Based on this Compton periodicity model combined
with our theory, most of the time the electron does not have a Schwarzschild radius, but c

λ̄e
times per second it

will have a half Schwarzschild radius equal to the Planck length, lasting for one Planck second each time. Still it
has an expected Schwarzschild radius for a given time interval that is a function of the probability of observing
the real Planck length Schwarzschild radius, which is different than the expectation.

For moving elementary particles, the Compton wavelength contracts as observed from the stationary frame;
this means an elementary particle must have a half Schwarzschild radius of

rs
2

= lp
lp

λ̄
√

1− v2

c2

(77)

When we replace v with our maximum velocity for matter, in order to look at the limit, we have a half
Schwarzschild radius of

rs
2

= lp
lp

λ̄

√
1− v2

max
c2

= lp
lp

λ̄

√
1−

(
c

√
1−

l2p

λ̄2

)2

c2

= lp × 1 = lp (78)

This means that when an elementary particle reaches its maximum velocity, it has a half Schwarzschild
radius equal to the Planck length, as observed from the stationary frame. This is because the reduced Compton
wavelength of the particle is contracted to the Planck length at this maximum velocity and the relativistic mass is
then the Planck mass. In addition, the Compton time has been contracted to the Planck time, as observed from
the stationary frame and the reduced Compton length has contracted to the Planck length. This is consistent
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with the analysis already presented in this paper, and it means there is no uncertainty in the Schwarzschild radius
of a particle when it is reaching its maximum velocity. The logic behind this is that the particle (Planck mass)
then will only last for one Planck second, before bursting into energy. Further, we can see that the Schwarzschild
radius is related to a probability of one at this maximum velocity. In standard physics, particles with mass less
than the Planck mass have no Schwarzschild radius. Our theory predicts that the Schwarzschild radius is unique
and important in relation to gravity, but that particles with mass less than the Planck mass have an expected
Schwarzschild radius because they are Planck mass particles within every reduced Compton time interval.

This also means the uncertainty in the expected Schwarzschild radius for an elementary particle with mass
size smaller than the Planck mass always must be

lp
lp

λ̄
√

1− 02

c2

≤ rs
2
≤ lp

lp

λ̄
√

1− (∆v)2

c2

lp
lp

λ̄
√

1
≤ rs

2
≤ lp

lp

λ̄

√
1−

(
c

√
1−

l2p
λ̄

)2

c2

lp
lp

λ̄
≤ rs

2
≤ lp

lp

λ̄

√
1−

(
c

√
1−

l2p
λ̄

)2

c2

l2p

λ̄
≤ rs

2
≤ lp (79)

This is equal to the lower boundary on the space distortion given in GUP by Adler, namely
l2p
λ̄

. This means,
as pointed out by [69], that we must have

rs
2
λ̄ ≥ l2p (80)

However, here we also have an upper boundary on the uncertainty in the half Schwarzschild radius of a
elementary particle equal to the Planck length. And since it is an uncertain Schwarzschild radius, it is more
correct to talk about the expected Schwarzschild radius for elementary particles. This also means the smallest
Schwarzschild radius uncertainty for a non-Planck mass (before reaching its maximum velocity) must be

∆rs ≥ 2lp (81)

This seems to be consistent with the predictions by Adler’s [68] General Uncertainty Principle (GUP).
However, that is before the elementary particle reach its maximum velocity. At the maximum velocity, the
uncertainty collapses and we get

rs = 2lp (82)

When the uncertainty collapses, at the very moment the particle reaches its maximum velocity, the Schwarzschild
radius becomes equal to twice the Planck length. Again, this collapse of uncertainty only lasts for one Planck
second. Our theory is a deeper and further extension of GUP that may help us towards a unified quantum gravity
theory. This naturally requires considerably more investigation, but we think that more researchers should be
made aware of this way of looking at extensions of GUP. We expect this view must lead to a modification in
standard gravity theories to be compatible with the quantum scale.

Haug [76] has also recently shown that the Schwarzschild radius can be measured independent of any knowl-
edge of the Newton’s gravitational constant and even mass size. For example, we can find the Schwarzschild
radius of the Earth simply by measuring the gravitational acceleration at the surface of Earth and then using
the following formula

re =
gr2

c2
(83)

where r is the radius of the Earth, g is the gravity acceleration, and c is the well-known speed of light (and
also gravity). Also, using a Cavendish apparatus we can measure the Schwarzschild radius of a ball without any
prior knowledge of the mass size or Newton’s gravitational constant.

We think the Schwarzschild radius is essential, as it contains the Compton frequency of the mass per Planck
second, multiplied by the Planck length of the object. To extract the Planck length from it, we need to know
something about the mass size, or alternatively the Compton frequency of the mass of interest. However, if we
simply wish to find the Schwarzschild radius, then this is not needed.

Interestingly, in our analysis, half the Schwarzschild radius of one mass unit must be
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rs
2

=
G×One mass unit

c2
=
G

c2
(84)

If the mass unit is one kg, we have a Schwarzschild radius for the mass unit of

rs =
G× 1 kg

c2
≈ 7.43× 10−28 kg (85)

Naturally, we will also have the same finding if we go from the Compton frequency of a kg and multiply by
the Planck time, times the Planck length

ftplp =
c
h̄
mc

tplp =
c
h̄

1 kg×c

tplp =≈ 7.43× 10−28 kg (86)

This supports our argument that we only need G when we want to find the weight of a gravitational object.
The gravitational constant is needed to standardize the Schwarzschild with respect to weight, which is only
needed if we want to measure the weight of the gravitational object. We will also claim a mass with a calculated
reduced Compton wavelength less than the Planck length must be a composite mass.

11 New Perspective on Micro Black Holes

Our mass gap connection to the Planck mass also gives a new perspective on micro black holes. For a long time,
there has been speculation on the possible existence of micro black holes [9–11], but none have actually been
detected thus far. They are expected to be approximately the size of a Planck mass, which is much larger than
any observed particle. In our model, the mass gap is observational time dependent. If the observational time
window is one second, the mass gap is only mg = h̄

lp

1
c
tp = h̄

c2
≈ 1.17×10−51. However, the so-called micro black

hole only lasts for one Planck second before bursting into energy again. The micro black hole is the mass gap.
This means that what one should be searching for is an incredibly small mass (the mass gap), rather than the
relatively large mass based on the traditional view of micro black holes. Still, the view that micro black holes
have a Planck mass size is not wrong. However, it is only within a Planck time observational time window that
the micro black hole will have the Planck mass.

As discussed previously, the link between Compton time and mass is currently missing in standard quantum
mechanics. Thus it may be useful to explore this new and extended perspective. In time, it may be possible to
develop predictions that are testable and could distinguish this theory from other GUP theories. The key here
is to understand that mass comes in Compton frequencies, and that the smallest possible Compton frequency is
one in an observational time window of the Planck time. Elementary particles are, in this view, Compton mass
clocks, where each Compton tick is the Planck mass lasting for one Planck second.

In our view, a so-called micro black hole is a particle with an escape velocity equal to the speed of light. So,
let us look at the escape velocity of the mass gap. In the Newtonian model, the escape velocity is given by the
following equation solved with respect to v.

1

2
mv2 −GmM

r
= 0 (87)

This gives the well-known escape velocity formula of

v =

√
2GM

r
(88)

However, this only holds in a very weak gravitational field, as we have used the kinetic energy approximation
Ek = 1

2
mv2 that only holds when v << c. For a Planck mass, we have no kinetic energy, see section 5 and, in

particular, section 6. The Planck mass only has rest-mass energy that within one Planck second converts to pure
energy, that is light. In the special case for the Planck mass particle, we think the equation to solve, therefore,
should be

mpc
2 −Gmpmp

lp
= 0 (89)

which gives

c =

√
Gmp

lp
(90)
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This is 1√
2

lower than the standard physics escape velocity formula. So, this derivation may not seem to be

correct at first, as the relativistic kinetic energy is Ek = mc2√
1− v2

c2

−mc2 and not mpc
2, but again the Planck mass

particle has no kinetic energy, or rather all its rest-mass energy turns into energy within one Planck second. Be
aware that general relativity theory predicts the same escape velocity formula for Planck masses as the Newton
weak field approximation; see [77]. That GR is identical to the Newton weak field approximation for escape
velocity is a bit strange. For a strong field, we must have relativistic kinetic energy, but again in our maximum
velocity formula formulation, the Planck mass has no kinetic energy and the Planck mass particle is very unique.
This is why we get an escape velocity formula slightly different for the Planck mass particle. At the Planck scale,
it looks like our model gives a different prediction than Newton and GR, something that should be investigated
further. In the special case for the Planck mass particle, we will claim there also is no orbital velocity. It is not
possible to orbit a gravitational field that makes you move at velocity c. As mentioned earlier in this paper,
one attains the velocity by staying in the Planck mass gravitational field for one Planck second and the Planck
mass acceleration field also only lasts for one Planck second. Our interpretation of so-called micro black holes
is simply is that they are the mass gap, which is where energy becomes the Planck mass for one Planck second,
before bursting into energy again and then moving on at the speed of light.

12 Conclusion

Based on Haug’s recently suggested maximum velocity for matter, we have shown that the momentum and
position operators, as well as the energy and time operators, commute at the Planck scale, but not before that.
This means that Einstein may have been right, as it opens up the possibility for hidden variable techniques,
and also means that Bell’s Inequality does not necessarily hold. Further, this means that we get a relativistic
quantum mechanics, where there should no longer be a need for renormalization, as we get an exact upper limit
on energies linked to the Planck scale. Our new theory seems to be consistent in all aspects. It means that
Lorentz symmetry is broken at the Planck scale, but not before that, something that a series of quantum gravity
theories have predicted could be the case.

It is important to note that our modified quantum theory does not conflict with any common experiments
in quantum mechanics. Our theory simply gives a new and we would say a more logical interpretation. We have
also suggested a new way to look at the mass of elementary particles that indicates the difference between mass
and time is not clear cut. This view leads to a time operator that does not seem to be in conflict with the Pauli
objection.

Hopefully, future research efforts will design experiments that can distinguish between this theory and other
theories concerning quantum probabilities and their interpretation.

Appendix A

Here we show that it is possible to back out the maximum velocity for elementary particles with rest-mass from
Heisenberg’s uncertainty principle simply by assuming the minimum uncertainty is the Planck length. If we
assume that we know the rest-mass of the particle in question, an electron, for example, then the uncertainty in
momentum must come from the uncertainty in the velocity. This means we have

∆p∆x ≥ h̄

m∆v√
1− (∆v)2

c2

≥ h̄

∆x
(91)

Now if we set ∆x to what we know is the minimum possible uncertainty in it, namely the Planck length,
and we know the rest-mass of the particle, then it is even more clear that what is causing the uncertainty in the
momentum is the uncertainty in the velocity:
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m∆v√
1− (∆v)2

c2

lp ≥ h̄

h̄
λ̄

1
c
∆v√

1− (∆v)2

c2

lp ≥ h̄

1
c
∆v√

1− (∆v)2

c2

≥ λ̄

lp

∆v√
1− (∆v)2

c2

≥ λ̄

lp
c (92)

Solved with respect to ∆v this gives

v2

1− (∆v)2

c2

≥ λ̄2

l2p
c2

(∆v)2 ≤ λ̄2

l2p
c2
(

1− (∆v)2

c2

)
(∆v)2

(
1 +

λ̄2

l2p

)
≤ λ̄2

l2p
c2

(∆v)2 ≤
λ̄2

l2p
c2(

1 + λ̄2

l2p

)
∆v ≤ c√

1 +
l2p
λ̄2

(93)

This is the maximum uncertainty in velocity for a subatomic particle with known mass or known reduced
Compton wavelength. A Taylor series expansion gives

v ≤ c√
1 +

l2p
λ̄2

≈ c
(

1− 1

2

l2p

λ̄2
+

3

8

l4p

λ̄4
− 5

16

l6p

λ̄6
...

)
(94)

and the maximum velocity formula suggested by Haug is

vmax = c

√
1−

l2p

λ̄2
≈ c

(
1− 1

2

l2p

λ̄2
+

1

8

l4p

λ̄4
− 1

16

l6p

λ̄6
...

)
(95)

In both formulas we get a highly accurate result by using the first term of the Taylor series expansion (as
long as it is not a Planck mass particle) and we see they are practically the same: one is just derived from
special relativity theory, while also suggesting that the maximum relativistic mass is the Planck mass, which is
equivalent to assuming the shortest possible reduced Compton wavelength is lp.

Using the Kennard version of the Heisenberg uncertainty principle instead of Heisenberg’s original form would
mean a slightly different maximum velocity, namely

v ≤ c√
1 + 4

l2p
λ̄2

(96)

That is to say, for any particle with λ̄ >> lp, we can approximate this very well with the first term of a
Taylor series expansion

v ≤ c
(

1−
2l2p

λ̄2

)
(97)

This is basically same formula that Haug first suggested as the maximum velocity of matter, which was derived
by assuming there existed an indivisible mass-less particle that was the building block of all matter. This was first

presented in 2014 and was given as vmax =
λ̄2−l2p
λ̄2−l2p

≈ c
(

1− 2l2p
λ̄2

)
. Bear in mind that the Heisenberg uncertainty

principle in reality only holds for non-Planck mass particles, e.g, only for particles with a reduced Compton
wavelength longer than the Planck length. We speculate that the reduced Compton wavelength also must come
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in quanta λ̄ = Z× lp, where Z is a positive integer. That means that the minimum reduced Compton wavelength
in relation to the Heisenberg uncertainty principle is 2lp, for a particle with reduced Compton wavelength of lp
we do not have uncertainty. Combining this with the Kennard version of the Heisenberg uncertainty principle
we get a maximum velocity of uncertainty in elementary particles of

m∆v√
1− (∆v)2

c2

2lp ≥ h̄

2

v2

1− (∆v)2

c2

≥ 2λ̄2

2l2p
c2

∆v ≤ c√
1 +

l2p
λ̄2

(98)

In other words, the maximum uncertainty in velocity seems to be directly linked to a maximum velocity
formula that can be derived from special relativity theory, where one applies constraints, namely that the
maximum relativistic mass of an elementary particle is the Planck mass. In the special case of λ̄ = lp, the
uncertainty in velocity becomes zero, which is consistent with our analysis in this paper.
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