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Abstract

Haug has recently introduced a new theory of unified quantum gravity coined
“Collision Space-Time’. From this new and deeper understanding of mass, we
can also understand how a grandfather pendulum clock can be used to meas-
ure the world’s shortest time interval, namely the Planck time, indirectly,
without any knowledge of G. Therefore, such a clock can also be used to
measure the diameter of an indivisible particle indirectly. Further, such a clock
can easily measure the Schwarzschild radius of the gravity object and what we
will call “Schwarzschild time”. These facts basically prove that the Newton
gravitational constant is not needed to find the Planck length or the Planck
time; it is also not needed to find the Schwarzschild radius. Unfortunately,
there is significant inertia towards new ideas that could significantly alter our
perspective on the fundamentals in the current physics establishment. Howev-
er, this situation is not new in the history of science. Still, the idea that the
Planck time can be measured totally independently of any knowledge of New-
ton’s gravitational constant could be very important for moving forward in
physics. Interestingly, an old instrument that today is often thought of as pri-
mitive instrument can measure the world’s shortest possible time interval. No
atomic clock or optical clock is even close to be able to do this.

Keywords

Pendulum Clock, Planck Time, Planck Length, Planck Scale, Planck Constant,
Schwarzschild Radius, Schwarzschild Time, Collision Time, Newton’s
Gravitational Constant, Huygens

1. Important Elements in the History of Gravity

Before we show how to measure the Planck time with a grandfather clock, we
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will briefly summarize the key points in the history of gravity that are relevant to

this paper.

1656—Pendulum clock invented by Christiaan Huygens.
1673—Christiaan Huygens [1] publishes theory on how to calculate the

pendulum periodicity from gravity acceleration: 7 =2n \/Z .
g

1687, 1713, and 1726—Three versions of the Principia. Newton’s [2] gravita-

m . .
——. Newton only states this formula in words. Newton
r

tional formula F =

never introduced a gravitational constant per se, nor did he have any use for
one. Newton stated that mass is proportional to weight. Further, he showed
how to extract the relative mass of astronomical objects easily. Based on the
size of the planets, he could find their relative densities. Newton was focusing
on relative masses, as also pointed out by Cohen [3]; “That is, since Newton
is concerned with relative masses and densities, the test mass can take any
unity, so that weight-force may be considered the gravity or gravitational
force per unit mass...”.

1796—The introduction of the kilogram (kg), but the kilogram gets widely
accepted first in Europe after the Metre Convention was signed in 1875,
which again leads to the production of The International Prototype of the
Kilogram.

1798—Cavendish [4] calculates the density of the Earth relative to known
uniform elements such as water, lead, or gold using a torsion balance. This
torsion balance was invented by Cavendish’s friend John Michell sometime
before 1783, but Michell was not able to perform the experiment before he

died. However, Cavendish never mentions a gravitational constant.
1873—The idea that one needed a constant, now known as Newton’s gravita-
Mm

— was mentioned
-

tional constant to obtain the gravity force. F = f

explicitly by Cornu, and Baille [5], with notation ffor the gravity constant.
It was needed because of the practice of defining mass in terms of the kg. The
gravitational constant was then used to remove an element from an arbitrary
mass that had nothing to do with gravity and include what had been missing
in the kg definition of mass, namely the Planck length. This inclusion appears
to have occurred subtly, without physicists actually examining or challenging
this evolution in the conception of mass, see [6].

1894—The gravitational constant was first called G by Boys in August 1884,
see [7]. Here he stated the following formula: Force = GMa_LMazSS

Distance

although this latest step going from fto G is merely cosmetic. Even in the
early 1900s, many physicists still used £ For example, see Isaachsen [8] who
had studied under Helmholtz. Max Planck also uses the notation ffor the
gravity constant in 1899, 1906, and even as late as 1928 [9] [10] [11]. Einstein

[12] uses & for the gravitational constant in 1911 and 1916. However, by the
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1920s, today’s standard notation of G had taken hold more completely.
1899/1906 Max Planck [9] [10] derives the Planck units from G, ¢ and 7

using dimensional analysis: the Planck length /, = /G—fl , the Planck time
c

t, = fG—Sh and the Planck mass m, = ,h_Gc’ and the Planck temperature
¢

that we will skip here. Until recently it has been believed that one needed to
know G'to be able to calculate the Planck units. We will challenge that view
here.

1916—Einstein [13] produces his theory of general relativity, where he “na-
turally” is heavily dependent on G (he uses notation X) in his formulas.
1916—Einstein [13] suggests that the next big step in the progress of gravity
will be to develop a quantum gravity, or in his own words “Because of the in-
tra-atomic movement of electrons, the atom must radiate not only electro-
magnetic but also gravitational energy, if only in minute amounts. Since, in
reality, this cannot be the case in nature, then it appears that the quantum
theory must modity not only Maxwell’s electrodynamics but also the new
theory of gravitation.” Einstein

1918—Eddington [14] suggests that quantum gravity must be linked to the
Planck length, or in his own words: “But it is evident that this length (the
Planck length) must be the key to some essential structure. It may not be an
unattainable hope that someday a clearer knowledge of the process of gravi-
tation may be reached.” However, this contention was ridiculed by other
prominent physicists like Bridgman [15] (who received the 1946 Nobel Prize
in Physics).

Recent time—Many researchers [16]-[21], particularly those working on
quantum gravity, are more or less convinced that the Planck scale is the
smallest possible scale in terms of space and time, and that it is essential for
unifying gravity with quantum mechanics. Others have been questioning this
view because it seems like we only can find the Planck units through dimen-
sional analysis based on the knowledge of G, 7, and c. See for example [22].
If we not can detect the Planck scale and only calculate the Planck units from
dimensional analysis, why not simply abandon the hypothesis of their exis-
tence? Our findings in this paper show that the Planck scale is real and indi-
rectly easily detectable from gravity phenomena.

2019/2021—For more than 100 years, physicists have tried to unify theories
of gravity and quantum mechanics with minimal success and little progress.
The recently published theory of collision space-time [6] [23] [24] offers a
fresh, new perspective that seems to unify a modified relativity theory with
gravity and quantum mechanics in a fully consistent way. This process
should not be taken for granted, and further careful study of this theory is
warranted. In the end, discussions and investigations by many researchers

over time will be the best way to evaluate its merits. The Planck length and

DOI: 10.4236/jamp.2021.95074

1078 Journal of Applied Mathematics and Physics


https://doi.org/10.4236/jamp.2021.95074

E. G. Haug

Planck time are the very essences of that theory.
The importance of further understanding the Planck time is expressed by, for
example, Ball, for example, [25] in 1999 where he states: “A physics to match the
Planck timescale is the biggest challenge to physicists in the coming century.”
We will show that the Planck time can be measured from a pendulum clock
(grandfather clock) with no knowledge of G.

It is important to understand that Newton never invented a gravitational con-
stant, nor did he use one himself. Still, from his theories and insights, he was
able to calculate the relative masses of heavenly objects, such as the Earth, the
Sun, Jupiter, and Saturn; see the Principia and [3], for example. He was also able
to calculate their approximate relative densities. Newton claimed and showed
that the weight was proportional to mass. Mass for Newton was a quantity of
matter, and he thought matter consisted of indivisible particles. Weight was not
linked to kg in those days because the kilogram definition of mass was first was
put forward in 1796, long after Newton’s death.

At a deeper level, The kg is a collision frequency ratio, as shown by Haug [6]
[26], and the rest mass in kg for any mass (from the subatomic particle to super
massive galaxies, and even the mass of the observable universe) can be described
as
_nl

“7c M

m

where 7 is the Planck constant, A is the reduced Compton wavelength [27]
of the mass in question, and cis the speed of light. This calculation is simply the
Compton wavelength formula solved for m. We do not need to know m to find
the Compton wavelength first. Some people will likely question why we are not
using the de Broglie [28] [29] matter wavelength, as it is normally the wave-
length linked to matter. We think one of the greatest mistakes in physics has
been to build quantum and matter theory around the de Broglie wavelength ra-

ther than the Compton wavelength. For example, the de Broglie wavelength,

A =——, is not mathematically defined for rest-mass particles because we cannot
mvy

divide by zero (v =0), or alternatively, we [30] can claim it converges to infinity
as the particle almost comes to rest—something that is absurd. However, the de
Broglie wavelength has been accepted as the matter wavelength without hardly
anyone questioning it, partly because it has been in use in theoretical physics for
almost 100 years. It was assumed in 1927 by the Davisson-Germer [31] experi-
ment for electrons and the experiment by Thomson and Reid [32] that the de
Broglie hypothesis was confirmed. This situation is not the case in our view.
These experiments only confirm that matter also had wave-like properties, but
not that this wavelength was equal to the de Broglie wavelength, one could just as
well have claimed it confirmed that matter is linked to the Compton wavelength.
One obtains (mostly) the correct predictions when building a theory using the

de Broglie wavelength, but at an unnecessarily complex cost. In our view, the de
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Broglie wavelength is a mathematical derivative of the true matter wavelength,
which we claim is the Compton wavelength; this hypothesis is discussed in more
detail in [6] [23]. The relationship between the Compton wavelength and the de
Broglie wavelength is that the de Broglie wavelength is always the Compton

wavelength multiplied by < Naturally, then the Compton wavelength is equal
v

to the de Brolgie wavelength times ~ but the de Brolgie wavelength is undefined
c

for rest-mass particles, while the Compton wavelength is always well defined.

However, the standard mass definition (even if we write it as a function of the
de Broglie wavelength instead) does not contain any information about how
long each collision lasts. For this detail, one needs the unknown length of the in-
divisible particle x, which we have already shown is the Planck length in our
previous work [6] [24]. Here we will show that it can be extracted from a simple
pendulum (clock) with no knowledge of the so-called Newton’s gravitational
constant if one combines it with an understanding of collision space-time. Grav-
ity is directly linked to collision space-time. Modern physics has indirectly partly
incorporated this in gravity by combining the kg mass definition with the gravi-
tational constant, because we have GM in most predictable observable gravita-
tional phenomena and never GMm. This fact is covered quite thoroughly in [6]
[23] [33]. We will concentrate on how our new understanding of mass makes it

possible to measure the Planck time with a pendulum clock.

2. Using a Pendulum Clock to Find the Planck Time

Haug [6] [34] has shown how to find the Planck length independently of both G
and 7 using a Cavendish apparatus, and without G using a Newton force
spring, see [35]. We extend this work to show how a grandfather pendulum
clock can be used to find the Planck time (and thereby naturally the Planck
length as well) independently of any knowledge of G. Huygens [1] was the first
to derive the formula for the period of an ideal mathematical pendulum

T = ZE\/Z 2)
g

where L is the length of the pendulum, and gis the gravitational acceleration. The
gravitational acceleration at the surface of the Earth is experimentally known to be
about g ~9.81m/s>. From modern Newtonian gravity, including the gravita-

tional constant G, we also know that the gravitational acceleration is given by

_GM

e (3)

g

However, based on our new collision space-time quantum gravity theory, any

rest-mass can be viewed as collision-time, which is given by

I,
m=-+ (4)
C

Nll'sN
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where [ is the diameter of an indivisible particle and A is the reduced
Compton wavelength of the mass in question. Be aware that this formula holds
for any mass, even large astronomical bodies like the Earth and the Sun. The
Earth does not have a physically reduced Compton wavelength, but we predict
that each elementary particle making up the Earth has one. These particles are

aggregated in the following formula

D ®)

Be aware that masses are just functions of the Compton wavelength in terms
of collision-time. For example, the standard addition rule of masses is still the
same as before. The addition rule for Compton wavelength in composite masses
is the same whether one uses the kg mass definition or the collision-time mass
definition.

Based on this fact, the gravitational acceleration of any object must be

c’m

G ©

g

Thus, we have simply replaced the standard mass measure with our mass
measure, and we have replaced the gravitational constant with ¢, which is the

»

much simpler “gravity” constant in our reformulated quantum gravity theory—the
speed of light cubed. In other words, we are getting rid of a constant, namely G.
Actually G, 7 and cis replaced with only /, and c. Now we can rewrite Huy-

gens formula and solve it with respect to the mass, this calculation gives:

™)
_ L1
Next keep in mind that we claim m = —75; this proposal means we can solve
¢
with respectto /, and this gives
[, 4PRL
cl cr?
2nRNLA
l,=——— (8)
cT
We can divide this by cand get the Planck time
- 2nRNLA ©)
g T
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However, some people may claim that we cannot know the Compton wave-
length of the Earth 4 without knowing G. This situation is not the case. We can
measure the Compton wavelength of an electron from Compton [27] scattering,

A= %. That is, we need to shoot photons at an electron and measure the
wavelength (frequency) of the photon before, A, and after, A,, the impact
with the electron. In addition, we need to measure the angle between the in-
coming and outgoing photons ( 8). Alternatively, we could use hydrogen spec-
trum lines to extract the Compton wavelength of the electron; see the Appendix.
The cyclotron frequency is linearly proportional to the reduced Compton fre-
quency. One can find the reduced Compton frequency ratio between the proton
and the electron by conducting a cyclotron experiment. For example, [36]

measured it to be about (see also [37])

C

e _Jr A =1836.152470(76) (10)
B

ﬂ’e

They measured the proton-electron mass ratio this way and not the mass in
kg. To measure the relative mass between particles rather than their mass in kg is
very similar (in spirit) to Newton measuring the relative mass between planets
again without having a kg or a similar mass measure involved.

This calculation means the Compton frequency of a proton is approximately
1836 times higher than it is in an electron. We now have to count the number of
protons on the Earth. This number is theoretically possible, even if not practical
(without going an indirect route). Assume we have counted the number of pro-
tons (we assume neutrons are the same for simplicity) in the Earth and found
that there are approximate 3.57 x 10 protons in the Earth. The Compton fre-
quency (internal collision frequency) in the Earth must then be

3.57x10" x%x 1836 ~5.089x10™ times per second. This conclusion means

¢
5.089x107

take note that we found this number without relying on the Planck constant.

the Compton wavelength of the Earth is 1 ~ ~5.89x10"m . Please

Therefore, we have avoided the kg definition of mass. The speed of light is
known—the pendulum time on a 25 cm pendulum we measure to be about 1
second. We can now input this variable into our formula. If the formula is based
on sound logic, it should give an accurate value of the Planck time

, _2mx6371000 0.25x 1

P

~54x107s (11)

c?x1
which is the well-known Planck time. In other words, we have mathematically
proven that a pendulum clock can be used to find the smallest time unit without

any knowledge of G or the Planck constant. Of course, we could never have

counted the number of protons in the Earth in practice. However, simple indi-
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rect ways to do so exist. We could use a Cavendish apparatus to measure the
Schwarzschild radius of a lead ball. No knowledge of G or the Planck constant is
required to do this calculation. The formula is given by
L8’ R*0

R, = —ap (12)

This number is the Schwarzschild radius from the large lead ball in a Caven-
dish apparatus, where R is the distance between the large and the small ball in
the apparatus. Again Gor # is not needed. Now we can count the number of
protons in the large lead ball. This number also represents a practical challenge,
but it is theoretically and even practically possible. For example, one has recently
been able to count the number of atoms in **Si crystal spheres, see [38] [39]. Al-
ternatively, we can use the Planck constant. Assume our large lead ball is half a

2
kg; the Compton frequency in half a kg is given by f =% = e
me
Schwarzschild radius of the Earth can be found by the following formula

. And the

2

R, = ng—z ~0.0089 m (13)

The Compton frequency in the Earth is now the Compton frequency we
found in the lead ball multiplied by the Schwarzschild radius of the Earth di-
vided by the Schwarzschild radius of the ball. So, we can easily find the Planck
time and Planck length without relying on G, or even # if we count the num-
ber of protons with a method that does not rely on the Planck constant.

It is impressive that we can indirectly use a grandfather pendulum clock to
measure the smallest time interval. How can this be? The pendulum clock is a
type of gravity clock; the pendulum periodicity depends on gravitational accele-
ration. What we have extracted are the shortest possible collision time and
shortest possible length (collision length). If we want to know the aggregated
collision time, we do not need to know the Compton frequency of the Earth be-
cause this number only is used to divide the total collision time into its building
blocks—the Planck time duration collisions. In other words, we evaluate the col-
lision time of the entire Earth (per shortest possible time interval), which is giv-
en by
1. _R_ 4’ R’L

s

2 A':20_ T

(14)

where 7, is what we will call Schwarzschild time, R is the radius of the Earth, T'is
the measured pendulum oscillation time, Z is the length of the pendulum, and ¢
is the speed of light. This calculation (the collision time of the Earth) is half the
Schwarzschild radius divided by the speed of light.

But why can we measure the Schwarzschild radius or the Schwarzschild time
of the Earth using only a grandfather pendulum clock? Is the Schwarzschild ra-
dius not related to black holes, where all the mass is pulled inside a black hole

within the Schwarzschild radius that only is approximately 9 mm for the Earth?
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We question this view that the Schwarzschild radius is related to black holes. We
think half the Schwarzschild radius is the collision length of indivisible particles
making up the gravity object. This indivisible particle is incredibly small, but it is

the most important element—the essential building block of energy and mass.

3. Earth Moon as Giant Great Grandfather Clock (Pendulum
Clock) Can Be Used to Find the Planck Length

The Huygens pendulum clock formula is, in general, only a good approximation
for a small angle. It is an inaccurate approximation when the pendulum angle is
large, but it is remarkably exact when the Pendulum angle is 360 degrees, that is,
a full circle [40]. We can look at the Moon and Earth system as a giant pendu-
lum clock where the length of the pendulum is the distance from the Earth to the
Moon. We can find the Planck time from this pendulum clock with the follow-

2m\ R,
t :¥ (15)

2
r T

ing formula

this formula is the same as 9, except we here also can set L =R . Further, 1, is
the reduced Compton wavelength of the large mass (in this case, the Earth), and
Ris the distance between the Moon and the Earth (length of the pendulum). The
distance Earth to the Moon is approximately 384,400,000 meters, the time for
the Moon to go around the Earth is approximately 27.32 days (sidereal month),
and the reduced Compton wavelength of the Earth is approximate 5.89 x 10~

meter, we now can plug this into the formula above, this gives

271/384400000° x 5.89 x 10~

t, = - ~54x10s (16)
299792458 x27.32x 24 x 60 x 60

That is, we have a very accurate pendulum clock. The challenge is naturally
to find the reduced Compton wavelength of the Earth, but that can be done as
described in previous sections of this paper. The Moon to earth distance can
be found by parallax, the time for the Moon to go around the Earth we can
find (at least approximately) by simply counting the number of days between
two full moons. The speed of light we can measure or lookup. We have all the
inputs, and the gigantic pendulum clock of the Earth Moon system gives us the
Planck time. We could alternatively have used the Sun and Earth system, the
pendulum length would then be the distance between the Earth and the Sun,
and the relevant Compton wavelength would be that of the Sun, and the time
input is how long it takes for the Earth to travel around the Sun. Formula 16
holds for any small mass, moon circulating a planet, or any planet circulating a
sun (star), as long as the path is close to circular. In practice, there are natural
disturbances since there often are many planets in a solar system, etc. “pulling”
on each other.

The Schwarzschild time of the Earth (gravitational mass), which is simply the
Schwarzschild radius of the Earth divided by the speed of light, is also given by
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R 81*R’
T =—=="""_2299x10""s 17
Yo T (17

where R is the distance from the Earth to the Moon (pendulum length). The
R 2GM

Schwarzschild time of the Earth can also be found by simply 7, =—=——,
c c

but using this method we need to know G, which is not needed in the method
above.

The Planck time is related to the Schwarzschild time by the following formula

T_ . —11 . —68
. /s_ﬂz\/299x10 x5.89x10 o o e
P 2c 2c

In Haug’s unified quantum gravity theory, half the Schwarzschild time is the

collision-time in any mass per Planck time, see [6].

4. Conclusions

We have shown how a simple grandfather clock (a pendulum clock) can be used
to measure the shortest time interval there is, namely the Planck time. This cal-
culation can be done with no knowledge of G or the Planck constant. Without
the Planck constant, it is difficult at a practical level but fully possible in prin-
ciple, albeit it would be a very expensive experiment. If we take advantage of the
Planck constant, we can easily do it in practice. This result shows that the
so-called Newton gravitational constant is not essential for finding the Planck
units. The Planck constant is not needed for gravity if one redefines mass in a
model that considers what is likely to be the most fundamental form of mass,
namely, an indivisible particle.

It is also worth mentioning that Newton never invented or used a gravitation-
al constant. We claim that Newton’s original theory is, in many ways, superior to
today’s modified version of his formula. The ancient formula made one wonder
what mass truly was, and we now assume we know what mass is. The mass
should be relative to the Planck mass that, in reality, likely is a collision between
two indivisible particles. To relate the mass to an arbitrary quantity like the kg
and, in addition, failing to grasp mass at a deeper level truly has caused much
confusion and constrained progress and understanding in physics, or as Jammer
[41] has pointed out, “Mass is a mess”. As suggested by Newton himself, mass is
directly linked to an indivisible particle, which we claim has a diameter equal to
the Planck length. This paper is one of a series of papers strongly supporting this
view.

In conclusion, we assert that in principle, we cannot measure the smallest
possible time with an iPhone, an atomic clock, or even the most advanced opti-
cal clock, but rather with an old-fashioned grandfather pendulum clock. The key
difference is that the grandfather clock is a gravity clock, and the shortest time
interval is directly linked to the building blocks of mass, which are linked to

gravity.
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Appendix: Finding the Compton Wavelength of the Electron

There are several ways to find the Compton wavelength of the electron. One way
is to use Compton scattering. The Compton scattering method has the advan-
tage that it needs no knowledge of the Planck constant to find the Compton
wave. Another method to find the Compton wavelength of the electron is to
watch the hydrogen spectral lines. The Compton wavelength of the electron is

linked to the spectral lines (of Hydrogen atoms) with the following formula [42]
A=2 1 B 1
\/l—ozz/nl2 \/l—az/nzz

This method also requires that we know the fine structure constant, which

(A1)

means that we also need to know the Planck constant. For hydrogen-like atoms
with elements above z>1, the following formula can be used to find the

Compton wavelength

1 1

2 _
\/1—(205/111 )2 \/l—(zot/n2 )2

A = (A2)
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