
Journal of Physics
Communications

            

PAPER • OPEN ACCESS

Finding the Planck length multiplied by the speed
of light without any knowledge of G, c, or ℏ, using
a Newton force spring
To cite this article: Espen Gaarder Haug 2020 J. Phys. Commun. 4 075001

 

View the article online for updates and enhancements.

You may also like
The Planck length as the dimension of a
transient black hole
Eaton E Lattman

-

Trans-Planckian issues for inflationary
cosmology
Robert H Brandenberger and Jérôme
Martin

-

Statistical model of exotic rotational
correlations in emergent space-time
Craig Hogan, Ohkyung Kwon and
Jonathan Richardson

-

This content was downloaded from IP address 3.149.230.44 on 23/04/2024 at 22:30

https://doi.org/10.1088/2399-6528/ab9dd7
/article/10.1088/0143-0807/30/3/L03
/article/10.1088/0143-0807/30/3/L03
/article/10.1088/0264-9381/30/11/113001
/article/10.1088/0264-9381/30/11/113001
/article/10.1088/1361-6382/aa73c0
/article/10.1088/1361-6382/aa73c0


J. Phys. Commun. 4 (2020) 075001 https://doi.org/10.1088/2399-6528/ab9dd7

PAPER

Finding the Planck lengthmultiplied by the speed of light without any
knowledge ofG, c, orÿ, using a Newton force spring

EspenGaarderHaug
NorwegianUniversity of Life Sciences, Ås, Norway

E-mail: espenhaug@mac.com

Keywords:Planck units, Newton force spring,Hookeʼs law, spring constant, gravitational constant

Abstract
In this paper, we showhowone can find the Planck lengthmultiplied by the speed of light, lpc, from a
Newton force spring with no knowledge of theNewton gravitational constantG, the speed of light c, or
the Planck constant h. This is remarkable, as formore than a hundred years,modern physics has
assumed that one needs to knowG, c, and the Planck constant in order tofind any of the Planck units.
We also showhow tofind other Planck units using the samemethod. Tofind the Planck time and the
Planck length, one also needs to know the speed of light. Tofind the Planckmass and the Planck
energy in their normal units, we need to know the Planck constant, somethingwewill discuss in this
paper. For thesemeasurements, we do not need any knowledge of theNewton gravitational constant.
It can be shown that the Planck length times the speed of light requires less information than any other
Planck unit; in fact, it needs no knowledge of any fundamental constant to bemeasured. This is a
revolutionary concept and strengthens the case for recent discoveries in quantum gravity theory
completed by (Haug 2020 Phys. Essays 33 46–78).

1. Background onPlanck units

In 1899,Max Planck [1, 2]first published his hypothesis on the Planck units. He assumed there were three
essential universal and fundamental constants, namely the speed of light c, theNewton gravitational constantG,
and the Planck constant h, which is equal to the reduced Planck constantmultiplied by 2π. Based on
dimensional analysis, he then derivedwhat he thought could be fundamental units formass, energy, length, and

time; known as the Planck units, theywere given by = mp
c

G
, = Ep

c

G

5

, = lp
G

c3 , and = tp
G

c5 .What is

important here is that we see all of these Planck units require the three universal constants, a view held to
this day.

In this paper, wewill challenge this view, and basically prove that in order tofind the Planck length times the
speed of light, we need no knowledge of these constants at all. Based on Planck’s original analysis, if we take the

Planck length times the speed of light, this would be = l cp
G

c
, so this is still dependent on the three universal

constants.
Our finding, whichwewill show in the next sections, takes a divergent approach, in particular since the

Planck scale is assumed to be essential for several theories of quantum gravity. However,most physicists have
argued that the Planck scale cannot actually be detected, or is so difficult to detect that we do not have any
experiments showing evidence of the Planck scale, at least according to the standard view. Recently, Haug [3]has
introduced a newquantum gravity theory, which predicts that gravity itself is Lorentz symmetry breakdown at
the Planck scale, and shows that the Planck scale can be detected by almost any gravity observation. This also
seems to offer away to unify with quantummechanics.

This paperwill give strong support to that theory by demonstrating that the Planck lengthmultiplied by the
speed of light can be extracted from a simpleNewton force springwithout any knowledge ofG,ÿ, or even c.We
will claim this is revolutionary, as it strongly points to a quantized quantum gravity theory that can be detected in
basically any gravity phenomena.Naturally the reader is encouraged to be critical and check our arguments and
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derivations carefully. However, we also note that on unresolved questions and paradoxes in physics, in
particular, it is important to consider new approaches and fresh thinkingwith an openmind. Rigid thinking and
prejudice against alternative viewpoints can slow the progress of physics down, while robust and thoughtful
criticism can, of course, be quite useful.We hope the physics community willfind this topic to be of interest for
closer study; thefindings can be tested experimentally and can also be evaluated from a theoretical standpoint.

2. Background on theComptonwavelength

Since theComptonwavelengthwill be an essential input, it is important to understand some background on it
and its relation tomass.Herewewill cover theComptonwavelength in depth, based on investigations over
many years.Wewill demonstrate howone can, in theory, find theComptonwavelength for anymasswithout
knowledge of the Planck constant, or of themass of the object in kg.

First of all, any rest-mass in kg can be described as

l l
= =


m

h

c c

1 1
1¯ ( )

where h is the Planck constant, ÿ is the reduced Planck constant, andλ and l̄ are theComptonwavelength and
the reducedComptonwavelength, respectively. TheComptonwavelength of an electron can be found by
Compton scatteringwithout any knowledge of the electronmass, see [4]. This is simply used to solve the
Comptonwavelength formula l = h

mc
with respect tom. Allmasses are built of atoms that again consist ofmore

elementary particles, so a compositemasswill consist ofmany elementary particles that each have a Compton
wavelength. These Comptonwavelengths can be aggregated by the following formula

å
l =

l

1
2

i

n 1

i

( )

and the same rule applies for the reducedComptonwavelengths

å
l =

l

1
3

i

n 1

i

¯ ( )
¯

where n is the number of fundamental particles in the compositemass. This addition rule is not in conflict with
standard addition ofmass; rather, it actually gives, or we can say is fully consistent with the standard addition of
mass. So, the aggregated compositemassM consists of smallermassesmi (particles) in the following standard
way = åM mi

n
i. Thismeans if we know the Planck constant and the speed of light, we only need to know the

Comptonwavelength of thatmass to know itsmass in kg. Even if the Comptonwavelength of a compositemass
does not exist, it is a number that contains information about the aggregated Comptonwavelengths of all
particles in themass.

Compton scattering consists of shooting a photon at an electron, and is based onmeasuring thewavelength
of the photon before and after the impact on the electron. The original Compton scattering formula, as given by
Compton, was

l l q- = -
h

mc
1 cos . 41 2 ( ) ( )

whereλ1 is thewavelength of the photon sent out, that is, before it hits the electron,λ2 is thewavelength of the
photon after it has hit the electron, and θ is the angle between the incoming and outgoing beams of light. Further,
me is the electronmass, and h is the Planck constant. However, since l = h

mc
, and also because anymass can be

written as =
l

m h

c

1 , we can rewrite this as

l l q

l l q

l l l q

l
l l

q

- = -

- = -

- = -

=
-

-

l

h

mc
h

c

1 cos

1 cos

1 cos

1 cos
5

h

c

e

e

1 2

1 2 1

1 2

1 2

e

( )

( )

( )

( )

whereλe is the Compton length of the electron that is found by shooting a photon at an electron. If we know the
Planck constant h and the speed of light, then all we need to do tofind themass of an electron is a Compton
scattering experiment, as shown by Prasannakumar et al [5], for example. Yet, tofind theComptonwavelength
of the electron, we do not need knowledge of the Planck constant, or the speed of light, as shown in formula 5.
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Extending on this analysis, the cyclotron frequencies inmasses are directly inversely proportional to their
Comptonwavelengths. Amass (a particle, for example)with twice the cyclotron frequency has half the Compton
wavelength of the other particle.We have that

l
l

= =
f

f

m

m
61

2

2

1

2

1

¯
¯ ( )

where f1 and f2 are the cyclotron frequencies ofmass one andmass two. Thus, if one knows the cyclotron
frequency ratio of different particles, such as protons and electrons, then one also knows their relative Compton
wavelength ratio. For example, [6, 7] used cyclotron resonance experiments tofind that the proton to electron
mass ratio,mP/me, was about 1836.152 47. The angular cyclotron velocity is given by

w = =
v

r

qB

m
7( )

and since electrons and protons have the same charge, the cyclotron ratio is given by

w
w

l
l

= = =
m

m
8P

e

qB

m

qB

m

e

P

P

e

P

e

( )

Thismeanswe canfind theComptonwavelength of the protonwithout any knowledge of themass of the
proton, or even knowledge of the Planck constant. Next, in order tofind theComptonwavelength of a larger
mass, one kg, for example, we can count the number of protons in one kg.Naturally, this is far from easy in
practice, but it is not impossible. If we know the Planck constant, we can do do thismore easily by using the
Comptonwavelength formula for anymass, even compositemasses. So, as an example, for one kgwe have

l =
´

= » ´ -h

kg c

h

c1
2.21 10 m 9kg1

42 ( )

Again, this is a Comptonwavelength that does not exist in practice; it is the sumof theComptonwavelengths for
all the subatomic particles thatmake up one kg.

3. Finding the Planck length times the speed of light fromaNewton spring

In 1678, RobertHooke [8] published the following relation for a spring

=F kx 10( )

where k is the spring constant and x is the amount bywhich the end of the springwas displaced from its ‘relaxed’
position (when it is not being stretched). Further, the harmonic oscillator function of a spring is given by (the
spring frequency)

p
=f

k

m

1

2
11( )

wherem is themass attached to the end of a spring. Based onHaug’s [3] recent insight in quantumgravity, we
can easily show that wemust have

l
p

l
p

= =l c R
kx

m
R

g

2 2
12p ( )

that is. tofind the Planck lengthmultiplied by the speed of light, we only need to know the spring constant k, the
spring displacement x, and themassm; l̄ is the reducedComptonwavelength of the gravity object. Further,R is
the radius of the gravity object, that is, from the center of the gravity object towhere themeasurement is
performed. If it is done on the surface of the Earth, this is simply the Earth’s radius.We have claimed that the
Planck length times the speed of light can be found independent of knowledge of the value ofG,ÿ, and c, sowe
need to demonstrate that the inputs can be foundwithout any knowledge of them aswell.

We can find the kgweight of themassm simply byweighing it on a calibrated scale.We could also take the
old kg in Paris and put both of themon an old fashioned scale, and therebyfind theweight in kg of themass
attached to the end of the spring. Nextwe canmeasure the spring displacement x by hanging themassm on the
spring.We thenwillmeasure howmuch the spring extends. Next, the spring constant is given by

= = =k
F

x

G

x

gm

x
13

Mm

R2 ( )

where g is the gravitational acceleration, which is about m s9.81 2/ . This can be found from theNewton force
spring by

3
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p=g xf4 142 2 ( )

where x is the spring displacement and f is the spring frequency; both are easilymeasuredwithout any knowledge
ofG,ÿ, or c. Herewe have already foundm and x, so nowwe also have the spring constant. The last thingwe need
tofind is the reducedComptonwavelength of the Earth. This we can do independent of any knowledge of the
mass of the Earth by using themethodology described in thefirst section of this paper. First, wewillmeasure the
Comptonwavelength of an electron, simply bymeasuring thewavelength of a photon before and after it hits the
electron and taking the angle between the ingoing and outgoing photon. Second, since the cyclotron frequency is
proportional to theComptonwavelength, we can find the ratio of theComptonwavelength of the proton
relative to that of the electron by a cyclotron experiment. This also requires no knowledge of themass, or the
Planck constant, or the speed of light, as demonstrated in section one.Wenowhave theComptonwavelength of
a proton.Next, we could count the number of protons in the Earth, though obviously this would be a very costly,
if not impossible task in practice. Luckily, there is amuchmore practical way to accomplish this task. Since the
Comptonwavelength of twomasses is inversely proportional to the gravitational acceleration field ratio of the
masses, wemust have

l
l

=
g R

g R
151

2

2 2
2

1 1
2

( )

whereλ1 andλ2 are theComptonwavelengths ofmass one and two, and g1 and g2 are the gravitational
acceleration fields of the twomasses, andR1 andR2 are the distances from the centers of the twomasses used in
the gravity observations).We have already found the gravitational acceleration field of the Earth using the
Newton force spring, and tofind the gravitational acceleration from a small gravitational object, we can use a
Cavendish apparatus (see figure 1); the derivation gives

p
q=g

L

T

4
16c

2

2
( )

where L is the length between the two small balls in theCavendish apparatus,T is the oscillation periodicity of
themovable arm in theCavendish apparatus, and θ is themeasured displacement angle from the rest position to
the position towhich the armmoves, . As =T

f

1

2

where f2 is the oscillation frequency in theCavendish apparatus,

we see that themain difference between formula 14 and formula 16 is the angle θ, and naturally that L is the
length of the bar in theCavendish apparatus, and x is the displacement of the spring. Still, we see that the two
formulas are very similar structurally: in theNewton force spring, we do not need to know any angle. In the small
object, we can technically count the number of atoms; this is of particular relevancewith the recent progress in
silicon spheres being used count the number of atoms, see Becker [9] andBartl et al [10].We then know the
number of protons (and for simplicity we assume that neutrons have the sameComptonwavelength), andwe
canfind theComptonwavelength of the protonwith no knowledge of ÿ or c using the cyclotron frequency
relative to the electron. All inputs to the Planck time formula (formula 12) can be foundwithout knowledge ofG,
ÿ, or the speed of light.

4.Other Planck units from theNewton spring

The Planck length is given by

l
p

=l
R

c

kx

m2
17p ( )

which is trivialmathematically, butwe see that in order tofind the Planck length, we need to knowonemore
constant compared towhatwe neededwhen finding the Planck lengthmultiplied by the speed of light.We can
naturally (and luckily)measure the speed of light independent of any gravity experiment. So, thismeanswe can
find the Planck length independent ofG andÿ. In keepingwith the discussion above, Haug has shown how the
Planck length can be found independent ofG using aCavendish apparatus, see in particular the appendix in [11];
this paper extends thatwork further.

The Planck time is given by

l
p

=t
R

c

kx

m2
18p 2

( )

Aswe canmeasure the speed of light independent of gravity, thismeanswe canfind the Planck lengthwith no
knowledge of any fundamental constant except for the speed of light.
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The Planckmass is given by

p
l

=


m
R

m

kx

2
19p ( )

Interestingly, we see that tofind the Planckmass, we need to knowonemore constant than to know the Planck
lengthmultiplied by the speed of light; we need to know the Planck constant as well. This is, in our view, simply
because themass definition is linked to an arbitrary clumpofmatter known as the kg. As explained byHaug in
[3] amore fundamentalmassmeasure can be used, but wewill leave that discussion to the other paper.

The Planck energy is given by

p
l

=


E
c

R

m

kx

2
20p

2

( )

Herewe can see that tofind the Planck energy, we need to know twomore constants thanwe did to determine
the Planck length times the speed of light; here we need to know the Planck constant and the speed of light.

The speed of light is given by

l
p

=c
R

l

kx

m2
21

p

( )

and tofind the speed of light (gravity), we need to knowonemore constant thanwe did to know the Planck
length times the speed of light; here we need to know the Planck length aswell.

Figure 1.A low-budgetmodernCavendish apparatus combining oldmechanics withmodern electronics that feeds directly to your
computer through aUSB cable.
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It is worthmentioning that the Planck length times the speed of light, = =l
p

l
p

l c R Rp
kx

m

g

2 2
is the ‘unit’

that requires theminimumamount of information. It needs no information about any other physical constants.
It does need the spring constant, but the spring constant itself needs no constants to be found, as it is given by

gm

x
,

andwe have shown how g can easily bemeasured by the sameNewton spring force with no knowledge about any
constants. The Planck length times the speed of light, wewill claim, contains the twomost important
fundamental constants for gravity, namely the Planck length and the speed of gravity (light), c.We think this is
highly significant for quantum gravity theories. Thismeans that even in aweak gravitational field, we can
measure the Planck length times the speed of gravity (light)with no knowledge of constants that are assumed to
be important for knowledge of gravity, namelyG and the speed of gravity cg=c.

As shown previously in this paper, we do not even need knowledge of the smallmassm, as the formulas
above can be simplified further.We have that the Planck length times the speed of light is given by

l
p

l
p

p l= = =l c R
kx

m
R

g
Rf x

2 2
2 22p ( )

whereas before f is the spring frequency and x is the spring displacement.
The Planck length is given by

l
p

l
p

p l= = =l
R

c

kx

m

R

c

g Rf

c
x

2 2
2 23p ( )

The Planck time is given by

l
p

l
p

p l= = =t
R

c

kx

m

R

c

g Rf

c
x

2 2
2 24p 2 2 2

( )

The Planckmass is given by

p
l

p
l p l

= = =
  

m
R

m

kx R g Rf x

2 2 1

2
25p ( )

The Planck energy is given by

p
l p l

= =
 

E
c

R

m

kx

c

Rf x

2 1

2
26p

2 2

( )

The speed of light is given by

l
p

l
p

p l= = =c
R

l

kx

m

R

l

g Rf

l
x

2 2
2 27

p p p

( )

We think it is a significant point that tofind the speed of light, we need to know the Planck length, if
measured using aNewton force spring, and tofind the Planck length, we only need to know the speed of light.
This strongly supportsHaug’s quantum gravity theory that shows the speed of light is related to how far an
indivisible particle can travel while two indivisible particles collide. The diameter of these indivisible particles are
the Planck length, and they travel at the speed of light. Gravity contains both of them (but not separately). Tofind
both, we only need tofind one of them.

Wemaintain that the Planck constant is not a true fundamental constant. It is linked to an arbitrary amount
ofmass, as discussed in [3]. If we instead use themore fundamental collision-time asmass and collision length as
energy, thenwe do not need to know the Planck constant. The Planck constant is, however, essential if wewant
to operate with kg. The Planck constant is indeed linked to quantization of energy (andmass), but only whenwe
want to compare this to one kg.

We could alternatively have completed the same process by using a pendulum ‘clock’ instead of a spring.We
then have

p l=l c Rf L2 28p p ( )

whereas before fp is the pendulum clock frequency and L is the length of the pendulum,R is the radius of the
Earth as we complete themeasurements from the radius of the Earth.

The Planck length is given by

p l=l
Rf

c
L2 29p

p ( )
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The Planck time is given by

p l=t
Rf

c
L2 30p

p

2
( )

The Planckmass is given by

p l
=


m
Rf L

1

2
31p

p

( )

The Planck energy is given by

p l
=


E
c

Rf L

1

2
32p

p

2

( )

The speed of light is given by

p l=c
Rf

l
L2 33

p

p

( )

From the equations, one can see that aNewton force spring and a pendulum clock havemuch in common;
the difference is that in onemethod, we use the spring displacement and in the othermethod, we use the length
of the pendulum. Both have a frequency and there is basically a formof gravity clock in bothmethods.

5. Is this not just a ‘clever’way of getting the Planck units fromG and ÿ concealed?

One could ask if claiming that l=l c f g R, ,p ( ¯ ) can be obtainedwithout any knowledge ofG, c, orÿ is
misleading because the set ( lg R, , ¯ ) contains information for the set (G, c, h) . However, wewill demonstrate

why this is not the case even though itmay be tempting to think so initially sincewe have =g GM

R2 , and therefore

it seems that gmust containG. First of all, the gravitational acceleration g, can, as we have shown, easily be
measuredwithout any direct knowledge ofG, ÿ, or c. The same holds true for the radius of the Earth, andwe have
also shown that theComptonwave for a proton can be found fromCompton scattering of electrons plus a
cyclotron.Next it is ‘just’ about counting the atoms in the gravitational objects. The latter is naturally a
formidable task and one could question the practically of it, but it is possible, at least in theory. Our claim is that
lpccan be foundwithout any knowledge ofG and h, andwewill demonstrate that this ismore than just a
transformation of units.

In order to understandwhywe do not needG and ÿ tofind the Planck length, there are a few interesting
thingswewould like to point out.Wewill claim thatG and ÿ are, in fact, not needed in any gravitational
predictions, but that the Planck length is always needed, either directly or indirectly. However, we need to study
mass and gravity inmore detail. First, let us look at theComptonwavelength formula again; it is given by

l = h

mc
, and solvedwith respect to the rest-mass we get equation (1): =

l
m h

c

1 . That is, the rest-mass is now

given by two constants, namely the Planck constant and the speed of light, and, in addition, onemass dependent
variable, namely theComptonwavelength. Normally, it is the Broglie [12, 13]wavelength that is considered the
matter wave.However, the de Brogliematter wave ismathematically undefined for a rest-mass particle, or we
can claim it approaches infinity as the particles come to rest, see for example [14]. Actually, the de Broglie wave is
always equal to theComptonwave1multiplied by c

v
, but theComptonwave has the advantage that it is alsowell-

defined for rest-mass particles, see [3]. Our point is simply that we can describe anymass in kg using the
Comptonwave through equation (1). So, to predictG timesM from this perspective we need to know

l
=GM G

h

c

1
34( )

This formula can be seen asGM broken down into constants that cannot be reduced further. It indicates that
gravity is dependent on a gravitational constant and that themass is related to quantization through the Planck
constant, but that it always has awave component expressed here through theComptonwave and the speed of
light. That is, we need to knowwhat Planck claimed to be the threemost important universal constants:G, h, and
c in addition to themass dependent variable, which is the Comptonwave:λ to describeGMwith something
closer to the quantum scale than simplyGM. In this view, we assumeG cannot be broken down further, but that
themass can be represented by two fundamental constants and a variable.

1
The relativistic formof theComptonwave is l =

g
h

mc
and the relativistic form of the de Broglie wave is l =

gb
h

mv
, sowemust have

l l=b
c

v
.
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The Planck length, asmentioned earlier in this paper, was given byMax Planck as = lp
G

c3 . If we simply

solve this formulawith respect toG, we get =


G
l cp

2 3

. Thismust be a fully validway towriteGmathematically,

and [15] has suggested theNewton gravitational constant actually is a universal composite constant exactly of
this form. Thismeans thatG is fully valid and it is still a universal constant, but it is composed ofmore
fundamental constants, namely of c, lp, and ÿ. However, based on the standard view onemight object here, as
onewould claimone need to knowG tofind lp. Atfirst sight itmay seem that if one tries to introduceG as a
composite constant rather than amore fundamental constant, then one simply introduces a circular problem.
Based on this, one can argue thatG thereforemust be a fundamental constant and that the Planck length and
related Planck units are simply derived entities that one gets fromdimensional analysis. This view is, however,
only valid if we cannotmeasure the Planck lengthwithout knowingG, somethingwe have already demonstrated
in this paper is possible. Still, why is this so? Let’s go back to the gravitational acceleration g, which can obviously
bemeasuredwithout any knowledge ofG and the Planck constant and that is known frombefore. In standard

physics, g is given by =g GM

R2 . So, to predict g, one needs to knowG,M, andR. Since =
l

M h

c

1 , one could argue

that one needs to knowG,ÿ, and c in addition to theComptonwavelength andR to predict g. Interestingly, if we

replaceGwith its composite form =


G
l cp

2 3

and the rest-massMwith =
l

M h

c

1 , thenwe see that to knowG and

M individually, we need to know the Planck constant. However, in their combined productGM, the Planck
constants cancel each other out.

l l
= ´ =


GM
l c h

c
c

l1
35

p p
2 3

2
2

¯ ( )

This is an important point. TofindGM, we need fewer physical constants thanwe need tofindG andM. So, to
reiterate, in order to describeG andM, we need knowledge of three physical constants, namelyG, the Planck
constant, and the speed of light, and if we accept thatG is a composite constant, thenwe need to know  c l, , p in
addition to theComptonwave to knowG andM. But to knowGMwhenwe knowG is a composite, we only need
to know two constants, namely c and lp in addition theComptonwave.

One could try argue that we only need to knowone constantG to knowGM, as we can findM independent of
knowing ÿ and theComptonwave.However, this is not the case from a quantumperspective. The simplest way
to describe a rest-mass using constants and quantities related tomodern physics concept ofmass is with the

following formula =
l
m

c

1
¯ , and, as we have demonstrated in section 1, this can be used to describe anymass in

terms of kg. This is what is needed as an input in gravity formulas, as all observable gravity phenomena involve
GM to the best of our knowledge.

To conclude, in order to knowG andM separately from a quantumperspective, we need to know lG h c, , , ¯
or ll h c, , ,p

¯ . That is, to knowG andM, we need to know three constants and one variable.However, whenwe

understandG is a composite thenwe only need to know ll c, ,p
¯ to knowGM. And =

l
GM c

l2 p
2

¯ is the essence of

predicting every gravity observation as can be seen in table 1. Table 1 shows that for all observable gravity

phenomenawe need to knowGM. Only in the gravity force itself we have = =
l l l l

  GMm c
l c

c c

l1 1p

M m

p

M m

2 3 2

¯ ¯ ¯ ¯ , and

here the Planck constant does not cancel out, but the gravity force is not observable. The gravity force formula,
when used to predict something observable, is always first used in derivationswhere always one of the two
masses cancel out. For any observable gravity phenomena, we are then, as shown in the table, always left with

GM.Whatwe need to predict for observable gravity phenomena is the product ofG andM and this is
l

c
l2 p

2

¯ .

We [3] have recently argued that the standardmassmeasure is lacking some information about themass that
is essential for gravity, namely the Planck length, and that the gravity constant actually is needed to get this
essence into themass and to remove the Planck constant from themass. This is somewhat outside the scope of
this article, but can be studied in our previous article.

But how can this be?Newton naturally did not invent a composite gravity constant as the Planck length and
the Planck constant was invented/discovered several hundred years after his time. Actually, Newton [16] did not
introduce or use a gravity constant, as his formulawas =F Mm

R2 (stated inwords only byNewton), but hewas still
able to predict a series of gravity phenomena from this insight, such as relativemass sizes of planets [17]. Also,
Cavendish [18], who is often referred to as thefirst tomeasure theNewton gravity constant did actually not
introduce it himself. The gravity constant was actually first introduced in a footnote in 1873 byCornu andBaille
[19]not long after the kg become themass standard (see also [20]). The gravitational constant is a calibrated
constant that is needed to getmake gravitational formulas tofit observations when one uses a kg definition of
mass. The inventors of the gravitational constant had naturally no idea that it could be expressed as a composite

constant of the form =


G
l cp

2 3

, since the Planck constant and the Planck length had not been discovered yet. That

something camefirst does notmean it ismore fundamental, wewill claim it often is the other way around, that
one ismore likely to understand the ‘surface’ of some natural phenomena before one understands it inmore
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depth.Most physicists appear to agree on this, as shown in the long standing search for a unified quantum
gravity theory.

If the Planck length and the speed of light are the essential constants for gravity, thenwe should be able to
predict ‘all’ gravitational phenomena from these constants only, in addition to variables such asR and the
Comptonwave. This alsomeans the Planck length can be extracted fromany gravitational phenomena. This, in
our view, also strongly points to that all gravitational phenomena are linked to the Planck scale and actually serve
as a detection of that scale. The standard view on quantumgravity is that it is linked to the Planck scale and to
Lorentz invariance breakdown at the Planck scale; this view is also our view. Still, in the standard view, even after
extensive experimental research, there does not seem to be any evidence of the Planck scale. This ismostly due to
the fact that effects predicted from the Planck scale only can be observed at extremely high energies very far
abovewhat can be achieved at the LargeHadronCollider, for example. However, there has also been an
extensive search for effects researchers had hoped to detect atmuch lower energies, without anyfinding
indicating detection of effects happening at the Planck scale, see for example the following review article [21].
This lies in sharp contrast with our new view that observing any gravity observation alsomeanswe are detecting
the Planck scale. That is, gravity is an effect of the Planck scale and this is whywe can extract the Planck length
fromgravity observations with no knowledge ofG and ÿ. This viewmay also be used to unify quantum
mechanics with gravity, as we have recently suggested.

In table 1, we see that all observable gravity phenomena (listed here) contain
l

;
lp

2

¯ this is identical to half of the

Schwarzschild radius, = =
l

rs
GM

c

l1

2

p

2

2

¯ . The Schwarzschild radius is normally linked to black holes, but we see

that the Schwarzschild radius is inmanyways the essence of every observable gravity phenomena. This is in
manyways not a big surprise, as it can be found in the Schwarzschild solution of general relativity.

Table 1.The table shows that any gravity observations we can observe
containGM and notGMm;GM contains and needs less information
than is required to findG andM.

Essential insight:

Gravitational

constant
=


G

l cp
2 3

(contains Planck constant )

Mass =
l
M

c

1
¯ (contains Planck constant )

Gravitational

constant

timesmass

=
l

GM c
l2 p
2

¯ (noneed for Planck constant )

Non ‘observable’ predictions: (containsGMm)
Gravity force = =

l l
F G Mm

R

c

R

l lp

M

p

m2 2 ¯ ¯ (needs Planck constant )

Observable predictions: (contains onlyGM)
FrequencyNew-

ton spring
= = =

p p p l
f k

m R

GM

x

c

R

l

x

1

2

1

2 2

p
2

¯

Periodicity Pen-

dulum (clock)
p p= = = p lT R2 2L

g

L

GM

R

c

L

l

2

p
2

¯

Gravity

acceleration
= =

l
g GM

R

c

R

lp
2

2

2

2

¯

Orbital velocity = =
l

v co
GM

R

l

R

p
2

¯

Time dilation = - = -
l

T T c T1 1R f
GM

R f
l

R

2 2
2 2 p

2

¯

Gravitational

red-shift = - = -
-

-

-

-

l

l

z 1 1
1

1

1

1

GM

R c

GM

R c

lp

R

lp

R

2

1 2

2

2 2

2 2

1

2 2

2

¯

¯

Gravitational

red-shift
» =

l¥z r GM

c R

l

R

p
2

2

( ) ¯

Gravitational

deflection
d = =

l
GM

c R R

l4 4 p
2

2

¯

Advance of

perihelion
=p p

l- -
GM

a e c a e

l6

1

6

1

p
2 2 2

2

( ) ( ) ¯

Indirectly/‘hypothetical’ observable predictions: (contains onlyGM)
Escape velocity = =

l
v c 2e

GM

R

l

R

2 p
2

¯

Schwarzschild

radius
= =

l
r 2s

GM

c

l2 p
2

2

¯
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6.Historical perspective on the Planck units and quantumgravity

Einsteinwas likely thefirst to point out that understanding the quantumwas important formaking progress on
understanding gravity. In 1916, hewrote ‘Because of the intra-atomicmovement of electrons, the atommust radiate
not only electromagnetic but also gravitational energy, if only inminute amounts. Since, in reality, this cannot be the
case in nature, then it appears that the quantum theorymustmodify not onlyMaxwell’s electrodynamics but also the
new theory of gravitation.’However, he did not explicitlymention the Planck units here. In addition toMax
Planck’s work on the Planck units, Eddington [22], in 1918, was among the first to discuss the idea that the
Planck length likely played a central role in gravity. In a discussion on the Planck length, he stated: ‘But it is
evident that this lengthmust be the key to some essential structure. Itmay not be an unattainable hope that someday a
clearer knowledge of the process of gravitationmay be reached.’However, both Planck’s andEddington’s view on
this were initially ignored, and theywere even ridiculed by Bridgman in [23], for example. Formore on the
background on the historical background of quantum gravity, see [24].

Whilemany physicists today think the Planck unitsmust play a central role in physics and quantumgravity,
(see for example [25–27]), there is still strong disagreement onwhether or not the Planck length is the smallest
possiblemeasurable unit, even in a thought experiment inside a sound physical framework, see [28]. This
disagreement is partly rooted in the view that even after extensive testing, there have been no clear signs of the
Planck scale, see [29], for example, who dismisses the Planck units as not being helpful since he claims they
cannot be detected (and therefore do not exist?). On the other hand, if the Planck length can be extracted easily
from a series of observable gravity phenomenawithout knowledge ofG or even ÿ, this could be an important
development of our perspective on the quantum level. This strongly supports the initial view of Eddington.

From a certain point of view, the fact that the reducedCompton length l = 
c mc( )¯ is equal to half the

Schwarzschild radius =rs
Gm

c

1

2 2( ) i.e. l = r 2c s
¯ / when themass (m) is equal to the Planckmass (mp), may seem

to corroborate a relationship between quantum gravity, black holes (general relativity) and quantummechanics,
where the Planck constant is fundamental. However, we claim that this viewwould not be fully correct.We have

= = =




r
Gm

c c
l

2 2
2 36s p

p

l c

l c
p, 2

1

2

p

p

2 3

( )

Again, we see the Schwarzschild radius, even for a Planckmass, does not contain any information about the

Planck constant because it cancels out inGM. However, the standard formula tofind it, =rs
Gm

c

2 p

2 , does if we

knowmp. In this special case of a Planckmass, the Comptonwavelength of the Planckmass is equal to the Planck
length. Further, from the Schwarzschild radius of the Planckmass, we can predict any hypothetical observable
gravity phenomena caused by the Planckmass. The Schwarzschild radius and the Planckmassmay also have
interesting relations to entropy, asfirst pointed out by Bekenstein [30] and later discussed byHawking [31], for
example. Still, one can askwhy the Planck length can be extracted from all gravity phenomena andwhy the
Schwarzschild radius indirectly appears in any gravity phenomena, while the Planck constant that is linked to the
new kg definition ofmass does not appear in any observable gravity phenomena, but only in the gravity force
formula. The Planck constant is directly linked tomass through the kg definition ofmass.

We think the reason for this is thatG indeed is a composite universal constant that is needed to get the Planck
constant out of the definition ofmass and to get the Planck length into themass. The Planck length, which is
related to the particle component of allmasses (in awave-particle duality) ismissing in today’smass definition,
as discussed by [3].

It is also still subject of debate whether the Planckmass is also linked to a particle or not.Motzwas likely the
first to suggest that a particle withmass equal to the Planckmass actually existed, which he called the uniton, see
[32, 33]. In 1967,Markov [34] suggested a similar particle toMotz that he called amaximon.Motz naturally
understood that a particle with amass equal to the Planckmasswould bemuch larger than any particles ever
observed.He therefore suggested that Planckmass particles had existed just after the Big Bang and then had
radiated/dissolved into today’s observed particles. The Planckmass has also been linked to the concept ofmicro
black holes [35] although they have not been observed yet.We do not think it is accident that we have observed
neither supermassive particles withmass similar to the Planckmass (10−8 kg), normicro black holes, and at the
same timewe have also seen no sign of the Planck scale in effects for weaker energies. Based on our recent
discoveries, it is possible that we have been searching for something that already has been found indirectly and
can easily bemeasured now.
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7. Conclusion

Wehave shownhow thePlanck length times the speedof light canbemeasured fromaNewton force springwithout
anyknowledgeofGorÿ. This is remarkable, as it is assumed that thePlanck length (times the speedof light) canonly
be found fromdimensional analysis ofG, c, orÿ. In order tofind thePlanck length times the speedof light,weneed
noknowledgeof any fundamental constants; tofind thePlanck length and thePlanck time,weneed toknow the
speedof light; tofind thePlanckmass,weneed toknow thePlanck constant; and tofind thePlanck energy,weneed to
know the speedof light and thePlanck constant. Finally, tofind the speedof light,weonly need toknow thePlanck
length, but tofind thePlanck length,weneed toknow the speedof light, so this last point basically confirms that the
Planck length is closely related to the speedof light (gravity).Ourfindings strongly supportHaug’s recentpublished
unifiedquantumgravity theory,whichpredicts that all gravity is Lorentz symmetrybreakdownat thePlanck scale,
and that thePlanckunits therefore canbe extracted fromsimple gravity experimentswithnoknowledgeofG. This
also supportsHaug’s analysis that the speedof light (gravity) and thePlanck length are closely connected.
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