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Abstract

In this paper, we take into account Lorentz’s relativistic mass and then derive formulas for the Planck length
and the Planck time that are not dependent on any other constants. Thus we can find the Planck length, the
Planck time, and also the speed of gravity, from gravitational observations without any knowledge of any physical
constants. This is in strong contrast to what has been, and currently is, thought to be the case. Since we take
into account relativistic mass, our formulas are also fully accurate for a strong gravitational field. We will claim
general relativity theory cannot be fully precise in respect to strong gravitational fields. For example, general
relativity theory leads to an imaginary time dilation factor when at the Planck length distance from a Planck
mass, but when taking into account Lorentz’s relativistic mass, the time dilation works properly all the way
down to, and including, the Planck length distance.

Key Words: Planck time, Planck length, speed of gravity, Lorentz’s relativistic mass, general relativity
theory.

1 Planck length and Planck time from general relativity theory

Gravitational time dilation is given by:

Th = TL
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e,h

c2q
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(1)

where ve,L and ve,h are the escape velocities at radius RL and Rh, and where Rh > RL. In Einstein’s [1] general
relativity theory, one is ignoring Lorentz’s [2] relativistic mass; see also [3, 4]. When ignoring relativistic mass, then

the escape velocity ve is given by ve =
q

2GM
R , which is identical to the escape velocity one gets from standard

Newton gravity [5]. So general relativity theory and Newton theory here give the same result, despite Newton’s
theory not taking into account any relativistic e↵ects. Next, replacing the escape velocity formula back into formula
1 above, we get:

Th = TL
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which is the well-known gravitational time dilation. Since the Schwarzschild radius is Rs = 2GM
c2 this can also be

re-written as:

Th = TL
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The general relativity time dilation has several strange properties for a very strong gravitational field. A very
strong gravitational field is what we have for a Planck mass when we are at, or close to, the reduced Compton
wavelength of the mass, which is the Planck length for the Planck mass. In the special case where we stand at the
Planck length, we have 2Gmp

lp
= 2, so this would lead to a time dilation factor of:

r
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Rc2
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s

1� 2Gmp

lpc
2

=
p
1� 2 =

p
�1 = i (4)

In other words, this gives an imaginary time dilation at the Planck length for the Planck mass, as likely first
mentioned by Haug [6] in 2018. However, one can easily argue that this is irrelevant as a radius equal to the Planck
length for a Planck mass is actually inside the Schwarzschild radius and so this is where general relativity theory
in general breaks down. So let’s move to the Schwarzschild radius of the Planck mass, which is Rs = 2Gmp

c2 = 2lp.

This gives 2Gmp

2lp
= 1, so the time dilation factor would be

p
1� 1 =

p
0 = 0, and it could be interpreted as time

not existing at the Schwarzschild radius. Time here stands still, which we think is reasonable. Still the question
is why the time dilation factor does not work all the way down to the Planck length if the Planck length is the
shortest possible length even hypothetical observable. Bear in mind that the Planck length is the reduced Compton
wavelength of the Planck mass. To understand the Planck scale more profoundly could be of great importance, so
this is one of the questions we will explore in this paper.

If we solve the Planck [7, 8] length formula lp =
q

G~
c3 with respect to G, we get G =

l2pc
3

~ , and further we

solve the reduced Compton [9] wavelength formula �̄M = ~
Mc with respect to M and we get M = ~

�̄M

1
c . Some

will likely protest here and say we cannot do that for macroscopic masses, only for such things as electrons and
perhaps protons [10, 11], as only these have a Compton wavelength. This would be a mistake, as we have clearly
demonstrated one can represent any mass of any size with this formula, because the Compton wavelength of a
macroscopic mass represents the composite “sum”1 of the Compton wavelength in all the elementary particles in
that mass; see [12, 13].

Next, if we replace this back into formula 2, we get:

Th = TL
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Next we solve this with respect to lp and we get:

lp =

q
�̄MRhRL(T 2

h � T
2
L)p

2RhT
2
h � 2RLT

2
L

(6)

This formula was derived and published by Haug [14, 15] in 2021/2022. It is an exact result under general
relativity theory but, as we soon will claim, general relativity theory is incomplete. One of the reasons for this is
that it ignores Lorentz relativistic mass.

Further, under general relativity theory, the weak field approximation for the Planck length is given by:

lp ⇡
p
�̄MRhRL(Th � TL)p

RhTh �RLTL
(7)

This result was also given in the same papers referred to above. The gravitational field on, for example, the
surface of the Earth is weak.

1The summation is given by �̄ =
Pn

i = 1
1
�̄i

where �̄i is the reduced Compton wavelength of the elementary particles.
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2 Planck length and Planck time when taking into account relativistic
mass

We will now incorporate relativistic mass. This gives a di↵erent escape velocity than in general relativity theory.
We basically assume the small mass m that is acted upon by the gravitational field of M is moving relative to
M and is observed from M . The mass M is therefore stationary, while m is moving and should be adjusted for
Lorentz’s relativistic e↵ects. We have to solve the following equation with respect to v to find the escape velocity:

mc
2
� �mc

2 �G
Mm�

R2
= 0 (8)

where � is the Lorentz factor, = 1/
p
1� v2/c2. This gives

ve = v =

r
2GM

R
� G2M2

R2c2
(9)

which is di↵erent from the escape velocity due to the last term. The last term inside the square root can be seen
as a correction for relativistic mass. This escape velocity leads to a series of implications; see [16, 17]. Such an
escape velocity was probably first described in 2009 by Rybczyk [18] and later independently re-discovered by Haug
in 2019 [19]. What is interesting is that such an escape velocity has never been fully investigated by the physics’
community. Lorentz’s relativistic mass was rejected before investigating what implications it would lead to, which
is not really the way good science should be performed.

Next, we input this escape velocity into the time dilation formula and get:
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In the case of a Planck mass, if we stand at the Planck length, this leads to:

vuut
1�

2Gmp
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� G2m2

p

c2l2p

c2
= 0 (11)

So here, time stands still at the Planck length, which is the radius where the escape velocity is c when we take
into account relativistic mass. That time stands still when v = c makes sense. We are not ending up with the
absurdity of imaginary time as in general relativity, even at the shortest possible length, which almost for sure is
the Planck length.

Again, if we solve the Planck length formula lp =
q

G~
c3 with respect to G we get G =

l2pc
3

~ , and in addition we

replace M with M = ~
�̄M

1
c , then we replace this into the formula 10 and we get:
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Next, we solve this with respect to lp and we get:
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lp =

p
�̄MRhRL(Th � TL)p

RhTh �RLTL
(13)

Pay attention to the fact that this exact solution, that also holds true under a strong gravitational field, is
identical to the weak field approximation we got under general relativity. The reason is that general relativity
theory does not take into account relativistic mass. Now in this new theory the weak field approximation for the
Planck length is actually general relativities strong field exact solution (Eq. ??). However, it is likely close to
impossible to directly test which theory is best, as we only have weak gravitational fields to test in. However, there
is more than practical testing that should be used to decide on the best theory; something we have discussed in
other papers. Further that general relativity theory not can work all the way down to the Planck length in relation
to the Planck mass should make researchers think that perhaps indeed something is missing in general relativity
theory, and personally we are convinced that ignoring relativistic mass is one of these things.

Gravitational red-shift is given by:
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Next we solve this with respect to lp and we get:

lp =

p
z�̄MRhRLp

Rhz +Rh �RL

lp =

p
�̄MRhRLq

Rh + Rh�RL
z

(15)

That is, we need no knowledge of any other constants to find the Planck length. The reduced Compton
wavelength of the gravitational mass �̄M can be found without knowledge of ~ and c and G as described by, for
example, [12? ]. The gravitational red-shift we can find by simply measuring the frequencies of a laser beam at two
altitudes Rh > RL.

Further, we have g = GM
R2 , and again by replacing G with G =

l2pc
3

~ , and M with M = ~
�̄

1
c , and next solving

with respect to c, we get:

c =

s
gR

2
L�̄M

l2p

(16)

This speed is linked to both the speed of gravity cg and the speed of light c (cg = c), as they are the same thing;
see also [14]. Next, replacing the Planck length lp in this formula with the expression above for the Planck length,
we get:

cg =

s
gLR
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l2p
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(17)

and the weak field approximation is given by



5

cg ⇡
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Thus we can find the speed of gravity from two gravitational observations: the gravitational acceleration and
the gravitational red-shift. It would be hard to claim this is anything else than the speed of gravity. No knowledge
of the speed of light is needed, nor any expensive equipment to detect gravitational waves. This can be done by
a simple drop ball and two time gates or a ball with built in stop-watch [? ]. Next, we measure the frequency of
a light beam at two di↵erent altitudes (similar to the Pound and Rebka [20] experiment), but not its speed. The
radiuses Rh and RL can be easily measured without any knowledge of any constants; further, RL is simply the
radius of the Earth, for example at the ocean level, and Rh is RL +H, where H is the height above ocean level.

Next, we can divide the Planck length by cg to find the Planck time. The Planck time is therefore given by:
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(19)

To find the Planck time or the Planck length (e.g., 15 and 19) pay attention to needing to find the reduced
Compton wavelength of the Earth. However, this can easily be achieved without knowledge of G and ~. Whether
one needs c to do this is unclear; see [12]. To find the speed of gravity, we do not even need to know the reduced
Compton wavelength of the gravitational mass. The weak field approximation when taking into account Lorentz
relativistic mass is

tp ⇡ lp
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q
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(20)

Table 1 summarise some of our results. As we can see the exact strong field solution in general relativity theory is
actually identical to the weak field approximation when we take into account Lorentz relativistic mass. Further the
general relativity theory’s weak field approximations are actually identical to the exact strong field solution when
we take into account Lorentz relativistic mass. This likely mean general relativity will give incorrect predictions in
a very strong gravitational field, such as at or close to the Planck scale. In the table “exact” simply mean it is an
exact solution, not that we can measure the Planck length or Planck time exact. There is naturally uncertainty in
several of the input parameters needed. The uncertainty in measurement of the Planck length will be the same as
before, except we now do not need to go through other physical constants to find it.
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From general relativity theory: Taking into account
Lorentz relativistic mass:

Planck length independent on G, h and c
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Table 1: The table shows how we can find the Planck length without any knowledge o↵ G, ~ and likely also independent
on any knowledge of c based on general relativity theory and when we take into account Lorentz relativistic mass.

One could argue one need to know the speed of light to find the reduced Compton wavelength that is needed
to find the Planck length and the Planck time. But we could find the speed of gravity first that do not relay on
the Compton wavelength, and then use this speed also for light. That is we find the speed of gravity independent
on knowledge of any other physical constants, then we assume the speed of light is the same as this speed, without
measuring the speed of light. We can naturally in additional measure the speed of light to check that it holds true,
as it do. We will claim this is quite revolutionary as one do not need any of the universal constants that Max Planck
combined with dimensional analysis to find the Planck units. In our this shows standard gravity phenomena such
as gravitational acceleration and gravitational red-shift are directly linked to the Planck scale. This is no surprise
in light of the new unified quantum gravity theory rooted in the Planck scale [21], still this should naturally be
investigated by a series of researchers before any conclusion is made.
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3 Conclusion

We have shown how to find the Planck length, the Planck time, and the speed of gravity with no prior knowledge
of G, c and ~, both under general relativity theory, and also when we take into account Lorentz’s relativistic mass.
This is in strong contrast to what is assumed in the physics’ community; namely, that one can only find these
indirectly through dimensional analysis. The Planck time and Planck length are linked to the ultimate limit of
quantization and directly to gravity.

We have further shown that the gravitational time dilation, when taking into account Lorentz’s relativistic
mass, is valid all the way down to the Planck length for a Planck mass, while general relativity theory leads to an
imaginary time dilation at the Planck length.
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