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Abstract

Here we derive Newton’s and Einstein’s gravitational results for any mass less
than or equal to a Planck mass. All of the new formulas presented in this pa-
per give the same numerical output as the traditional formulas. However, they
have been rewritten in a way that gives a new perspective on the formulas
when working with gravity at the level of the subatomic world. To rewrite the
well-known formulas in this way could make it easier to understand the
strengths and weaknesses in Newton’s and Einstein’s gravitation formulas at
the subatomic scale, potentially opening them up for new important interpre-
tations and extensions. For example, we suggest that the speed of gravity equal
to that of light is actually embedded and hidden inside of Newton’s gravita-
tional formula.
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1. Introduction

In a recent paper, Haug [1] has rewritten many of Newton’s and Einstein’s
gravitational results, without changing their output, into a quantized Planck
form. However, his results only hold down to the scale of Planck mass sized
objects. Here we derive similar results for any mass less than or equal to a Planck
mass. Based on dimensional analysis [2], Newton’s gravitational constant [3] can
be written as a function of the reduced Planck constant, the Planck length, and
the speed of light:
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I5c?

G, = Y (1)
Alternatively, this way of writing the gravitational constant can be obtained
directly by solving the Planck length formula, [4] with respect to G. One could
claim that this leads to a circular argument, since the Planck length is obtained
from the gravitational constant. This circular problem is discussed and solved by
Haug [2] [5], where he provides new theoretical insight that strongly indicates
one can find | independent of any knowledge of G. See also [6]. Further,
based on the recent developments in mathematical atomism [7] [8], it is
reasonable to think that the Planck length is among the most fundamental
constants that could represent the diameter of an indivisible particle. We are not
questioning whether or not big G is a universal constant; we are asking if big G
could be a universal composite constant consisting of even more fundamental
constants, and we have reason to think these are ¢ 71, and |,.
There is still considerable uncertainty about the exact measurement of the
gravitational constant. Experimentally, substantial progress has been made in
recent years based on various methods. See, for example, [9] [10] [11] [12] [13].
Also, the relationship between physical constants from the microcosmos
(subatomic world) and the macrocosmos (cosmos) plays an important role in
physics. A continuous effort is being devoted to improving our measurements

and understanding of these relationships. See, for example, [14].
The Planck form of the gravitational constant enables us to rewrite the Planck

length as

(2)

and the mass of any subatomic particle with mass up or equal to the Planck mass,

m, , can be written as

N
AP aNG, 2

where A is the reduced Compton wavelength of the mass in question. While

(3)

the Planck mass as a function of G was given by Planck in 1906, the relationship

I
m =%mp was possibly first pointed out by Hoyle, Burbidge, and Narlikar in

1994, see [15]. In the special case of a Planck mass, we have A= |p (in equation

3) and we get
m =—= (4)
C
Using the gravitational constant in the Planck form, as well as the mass

formula relationship above, we can easily rewrite a series of mathematical end

results from Newton’s and Einstein’s gravitational formulas without changing
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their output values. The elements that will change are the input parameters and
their mathematical form. Seeing well-known formulas in this new perspective

seems to give new and additional insight that we believe can be useful.

2. Newton’s Universal Gravitational Force

Newton’s gravitational force is given by

m
Fo =Gy oy ®)

2.3
Using the gravitational constant of the form G, =p7 and two subatomic

particles with the same reduced Compton wavelength, we can rewrite Newton’s

gravitational force for two subatomic particles as

mm
F=G, ézz
Ll
e i Zedc ke ©
h R? A% R?
In the case where R =1, we get
I nc
iy 2

In the special case of two Planck masses, we have A = I, and we get the

well-known Planck force

F, =— (8)

Naturally, it is questionable if Newtonian gravity holds at the Planck scale.
The Planck mass is often assumed to play a role only at the extremely high
energy scales where quantum gravity becomes important. No gravitational
experiment has been done at anything close to Planck length or at Planck
energies (Planck scale), so one should be careful about coming to any
conclusions at this point in time. The main point here is to show the various
Newtonian and also Einsteinian formulas in terms of what the author personally
claims are the more fundamental constants, namely the Planck length, the
Planck constant, and the speed of light, rather than what we believe is a

composite constant, big G.

3. The Speed of Gravity Hidden within Newton’s
Gravitational Formula?

It is often assumed that the speed of gravity in Newton gravitational theory is
instantaneous or alternatively that the Newton says nothing about how fast
gravity should get transmitted. Here we will question this view and claim that
the speed of gravity in the Newtonian formula must indeed be the speed of light,

based on calibrating the formula when finding the gravitational constant.
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If Newton’s gravitational constant actually is a composite constant as
2.3

suggested, G, =p7, then interestingly the speed of gravity is actually

embedded in Newton’s gravitational theory, perhaps without Newton knowing
about it. And as it is a composite, one would also have to know the Planck
constant to back out the speed of light. Even if we have ¢ in the suggested
composite version of the Newton gravitational constant, this always simply leads
to cin the gravitational force formula as shown in Equation (6).

We will claim that if the speed of gravity were different than ¢ then the
empirically estimated gravitational constant has to be different than measured.
Not only that, we will even claim that to some degree quantization in the
Newton formula is also embedded in the observed gravitational constant. Had
the Planck length even been different by 10%, then this would change the
gravitational constant by 20%. Haug [5] has recently shown that the
measurement error in the Planck length is exactly half of that of the gravitational
constant. This is based on the assumption that the Planck length represents
something fundamental that plays a central role in the quantum world and that

gravity itself is ultimately affected by the Planck scale, even at the cosmic scale.

4. Gravitational Acceleration Field

The gravitational acceleration field in modern physics is given by

_ oM )
r

This can be rewritten in quantized form for particles with a mass less than or

equal to a Planck mass as

G,m
g= ﬂ_,z
e’ n1
__h Ac
g - Zz
|2
g=-5¢ (10)
In the special case of a Planck mass, A = I, we get the well-known Planck
12 c?
mass acceleration a, =—ZC =I—; see [16] and [17]. An alternative is to try to
p p

define the maximum acceleration based on the Heisenberg uncertainty principle,
see [18] [19]. If we have this maximum acceleration for one Planck second, we

get to the speed of light:

[N)

Ch
c
This should be interpreted to mean that the Planck acceleration can only last

for one Planck second, as nothing can move faster than the speed of light. This
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leads to a possibly interesting paradox. If the Planck-time is the shortest possible
time something can undergo acceleration, then nothing with rest-mass can
undergo Planck acceleration as this would mean it would reach the speed of light.
And nothing with rest-mass can travel at the speed of light as this would lead to
infinite kinetic energy, which was first pointed out by Einstein [20]. Haug [21]
has recently suggested the Planck acceleration only can happen for a Planck
mass particle and that this particle then only can last for one Planck second
before dissolving into pure energy. This would at least be consistent with a mass
accelerated to the speed of light, where the mass is no longer a mass but rather
becomes energy. Could this extremely short lifespan of the Planck particle be the
reason why we have not detected the Planck mass particle yet?

This may also mean that a Planck gravitational acceleration field can only last
for one Planck second and that no rest-mass can survive it for more than a
Planck second. The Planck acceleration field would give a speed of the object
affected equal to the speed of light within one Planck second, something that is
impossible for anything that has rest-mass. Our speculative interpretation is that
only a Planck mass particle can be affected by the Planck acceleration field and
that it will be dissolved into energy within one Planck second. This interpretation
is at least consistent with something that can travel at the speed of light.

We can also find big G from the gravitational acceleration parameter of any

fundamental particle

G==22 (11)

3 |a

For example, we can find big G from the gravitational acceleration field and

the mass of a Planck mass particle
_ 2
G:%y:_p |2 =-2 (12)

Or we can find big G from the gravitational acceleration field and the mass of

an electron

~6.67x10™" (13)

That is to say that Gis always the same no matter the particle; this even holds

true for a half-Planck mass particle:

p C2
- 2| 2 |2C3
G:i&2=¢(2l ) =2-~667x10™" (14)
m, hl P h
21,
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We can conclude that big G is independent of the reduced Compton
wavelength of the particle in question. With respect to this concept, we can call
big G a universal constant at the subatomic level as well, since it must be the
same for any subatomic particle, at least inside our theoretical model, which is
based on Newton.

5. Gravitational Parameter

The standard gravitational parameter is given by
u=0Gm (15)
This can be rewritten in quantized form as
u,=G,m

Uy =G,m

2
P 2 (16)

where Nis the number of particles with mass m= %l that make up the object
c

in question.

6. Escape Velocity

The traditional Newtonian escape velocity [22] [23] is given by

N (17)

where G is the traditional gravitational constant, m is the mass of the object
we are “trying”to escape from, and ris the radius we (for example a particle) are
leaving from. Exactly the same escape velocity formula can be derived directly
from Einstein’s general relativity using the Schwarzschild metric, see [24].

Based on the gravitational constant written in the Planck form and the mass
as written in the form given in the introduction, we can derive the escape
velocity for a particle with mass equal or less than the Planck mass. We will
assume the escape happens at a radius equal to the reduced Compton

wavelength of the particle we are escaping from, r =4, this gives

ZGpm
Vv, = >
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|
Ve:ﬁ%C (18)

This also means that the escape velocity of a particle is equal to the mass of the
particle in question divided by the Planck mass and then multiplied by the speed
of light and again multiplied by the square root of two

|
Ve=\/§—£C=\/§£C (19)
A m,

In the special case where the reduced Compton wavelength is \/§|p , we have

an escape velocity of ¢ something that is well-known. This corresponds to a

R SO _i\/h:f: 20)
Vae 27 2NG

p

particle with mass

This is sometimes called the Planck particle; it is the only particle where the
Schwarzschild radius is equal to the reduced Compton wavelength.
Another interesting special case for the escape velocity is related to a particle

with half the Planck mass in radius of 1 ; this gives an escape velocity of ¢

v.="c=c (21)

Motz and Epstein suggested in 1979 that there likely exists a very fundamental
particle with half the Planck mass, [25]. However, they had no good explanation
for why such a particle was so much heavier than any known observed particle.
Haug [7] [8] has recently built a new fundamental theory around an indivisible
particle with mass equal to half the Planck mass, where he has speculated on
how such a particle could be the fundamental component of every observable
mass. The Haug particle always moves at speed C as measured with
Einstein-Poincaré synchronized clocks and is quite different from what modern
physics thinks of as particles. The indivisible particle is half a Planck mass when
counter-striking (colliding) with another indivisible particle (so together a
Planck mass), but only for a Planck second. When non-counter striking it is

mass-less and the origin of energy.
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Haug [26] has recently suggested that an escape velocity below the Planck
mass scale possibly should be linked to an escape probability. However, this is

not clear and needs further investigation.

7. Orbital Velocity

The orbital velocity is given by

v, ~ M (22)
r

<

We can rewrite this in the form of the Planck gravitational constant and the

Planck mass as

c (23)

This can also be written as

<

v=—_t=2L¢ (24)

o \/E )
In the special case where A = I, then the orbital velocity is equal to c. The
reduced Compton wavelength of a Planck mass is I;. This also means the
orbital velocity of a particle is equal to the mass of the particle in question

divided by the Planck mass and then multiplied by the speed of light

m
v0=7ﬂ0=m—c (25)
p

8. Gravitational Time Dilation at the Subatomic Level

Einstein’s gravitational time dilation [27] is given by

b =1 /1— m _t ,/1— (26)

where v, is the traditional escape velocity. This means that the gravitational
time dilation could have been derived from Newton’s escape velocity, but to my
knowledge Einstein is the first one to mention gravitational time dilation. We

can rewrite this in the form of the quantized escape velocity (derived above).
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IZ
t, =tf,/1—22—"2 (27)

Notice that for a reduced Compton wavelength equal to the Planck length
A= I, the formula above is invalid, or more precisely the time dilation becomes

imaginary:

(28)

However, since Vv, for a Planck mass is >C, it is more precise to say that
Einstein’s time dilation formula possibly breaks down for a Planck mass particle
(at the Planck scale).

Interestingly, for a half-Planck mass when at the Schwarzschild radius we get

t =t,1-1=0 (29)

In other words, only for half-Planck mass particles does time stand still. Haug
has derived a new theory based on an indivisible particle with potential mass
equal to half the Planck mass, and half the Planck rest-mass when colliding with
another indivisible particle. Together these two indivisible particles are creating
a Planck particle at the collision point. This particle likely only lasts for one
Planck second before dissolving into energy again. Under atomism, time (and
mass) are simply counter-strikes between indivisible particles. For a single
indivisible particle, when not counter-striking, time also stands still; this is due
to the concept that time under atomism is counter-strikes (clock ticks). Based on
atomism, as well as Newton’s corpuscular theory, light consists of indivisible
particles traveling one after another. When they travel after each other they
cannot counter-strike, since they all travel at the same speed and time stands still
as “observed” from these particles.

Circular orbits gravitational time dilation

The time dilation for a clock at circular orbit' is given by

I, 32Gm 3v;
tO:tf 1—Erc—2= 1—50—82 (30)

where v, is the traditional escape velocity. We can rewrite this in the form of

the escape velocity for a subatomic particle, where we set the “radius” equal to

the reduced Compton wavelength r=41,

'At an orbital radius larger then %rs
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t =t J1-3= (31)

9. The Schwarzschild Radius

The so-called Schwarzschild radius [28] [29] [30] [31] [32] of a mass m is given by

2Gm
=" (32)

Rewritten as a function of the Planck units and the reduced Compton

wavelength, it is given by

2
r, = 272 (33)

We think this formula only make sense for sizes down to half-Planck masses
and the Planck mass, but not for any mass smaller than a half-Planck mass. In
1979, Motz and Epstein [25] introduced a hypothetical particle with half of the
Planck mass. Haug has derived an extensive theory around such a particle [7] [8].

For the half-Planck mass particle, we have a Schwarzschild radius of

1
ZGPEmp
 — —

r,=1 (34)

This indivisible particle has, according to Haug, a rest-mass equal to half the
Planck mass and is likely the lowest mass a particle can take while the escape
velocity still is ¢. It may be meaningless to talk about a Schwarzschild radius for
fundamental particles with a mass less than half of the Planck mass. An electron,
for example, does not have a valid Schwarzschild radius, even if the formula 33
above could be used to calculate a hypothetical Schwarzschild radius for an
electron. The Schwarzschild radius for any “object” with a mass less than half of
the Planck mass would be smaller than 1. This is likely impossible and may be
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best understood from the recent renewal of atomism. The Schwarzschild radius
of an indivisible particle is simply the diameter of the indivisible particle.
Further, the Schwarzschild radius of a Planck mass is the length of two
indivisible particles lying next to each other. Only for the indivisible particle is
the Schwarzschild radius truly a radius in the sense that, at the depth of reality, it
has to do with a perfectly spherical-shaped particle.

10. Gravitational Light Deflection

In 1884, Soldner derived work based on Newton’s classical mechanics that
predicted the following deflection of light
2Gm
05 = W (35)
The angle of deflection in Einstein’s general relativity theory [27] is twice that
of the Soldner formula (1884)
4Gm

Oy =
Gl
R c?r

(36)

The solar eclipse experiment of Dyson, Eddington, and Davidson performed
in 1919 confirmed [33] the idea that the deflection of light was very close to that
predicted by Einstein’s general relativity theory. That is 1.75 arcseconds compared
to the 0.875 as predicted by Soldner’s 1884 formula.” This was one of the main
reasons general relativity took off and partly replaced Newtonian gravitation.

Interestingly, Accioly and Ragusa [34] have shown that in semi-classical

general relativity, the bending of light is dependent on y , and that when v=0,
c

one gets the Soldner formula for Newtonian bending of light. When V=C one
gets the Einsteinian bending of light result. See also [35]. Sato and Sato [36] have
recently pointed out that it looks like the two factor (double of Newton) in the
light deflection likely are due to an unknown property of the photon rather than
the bending of space. Hopefully, theoretical and experimental research will give
us deeper insight into the deflection of light.

For a subatomic particle, Einstein’s deflection of light can be rewritten as

4G m
S=—
2
cA
lietn1
h A
§=—"LL
cA
IZ
5= 42—"2 (37)
In the special case where we deal with a half-Planck mass A = 21, we get
|2
s=4—-=1 (38)

(21,)

’In 1881, Soldner calculated the light deflection to be 0.84 arcseconds based on less accurate know-

ledge of the mass of the sun and speed of light than we have today.
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648000 ~57.3’. Whether or not Einstein’s light

In terms of degrees, this is 1x 3
T

deflection formula truly makes sense at such short distances is an open question.

11. Gravitational Redshift

Einstein’s gravitational redshift is given by

limz(r)= ! —1= ! -1
r—+o0 2Gm l_ﬁ (39)
-1t c?
CZ

where ris the distance between the center of the mass of the gravitating body

and the point at which the photon is emitted. For a subatomic particle, when we

assume I = A, we can rewrite this as

i (1) -
lim z(r)=
limz(r)= 1
r—>+o0 Ii (40)
1—2?
/ |2 _
By using a series expansion approximation of 1—21—‘)2 when 4>, we get
|2 1 1
P P
1—2_—2~1——27 (41)
and this gives
lim z(r)= !
r—+0 1 |
1—527”2
b
T2
rlirﬂcz(r): 1|2 - ﬂlvz
1-=2 1-=2
A2 A2
2
Lo
lim z(r)=—4—~ =2 42
r—>+o0 ( ) |§ iz ( )
22

Several researchers have derived a similar redshift formula with no recourse to

the general relativity theory, nor to the principle of equivalence, see [37] and [38]
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G

3

lim z(r)=

r—+o

o
N

U_I\’

o

w
Sl s >

O |-

N ‘

limz(r)=

r—+o00

(]
[N)

IZ

lim z(r)==5 (43)

r—>+o A 2

h=]

Formula 43 is often considered to be an approximation to general relativity
redshift, but one could also argue the other way around, that GR is an
approximation to this formula. The prediction difference between the two
formulas can only be observed in very high gravitational fields. One of the
famous experiments that is claimed to have confirmed general relativity with
very high precision is the Pound and Rebka [39] experiment. They measured the
gravitational redshift in a tower over a distance of approximately 22.5 meters.
This was an excellent experiment that got the same result as predicted by
Einstein’s general relativity theory. However, this experiment did not provide
evidence that the general relativity theory is a complete theory. The experiment
was done in a very weak gravitational field, where we know that the formula 43
should work just as well. However, the theory proved that Einstein was correct
in the notion that gravity affects time, something that has been confirmed by a
long series of experiments since then. To my knowledge, no one had assumed

that gravity could affect time before Einstein.

12. Table Summary

Table 1 summarizes our rewritten versions of several gravitational formulas.

I 2
13. Any Deeper Meaning behind IB and sz ?

I |2
The fact that the factors ;ﬂ and =% are showing up in several of the formulas

712
in this paper, including the gravitational deflection of light, the redshift, and
even Newton’s gravitational force formula is particularly interesting. Haug [8]

has recently shown that

2
2= - Vg;* (44)

2

where V., =C l—}T—p2 is the maximum speed a uniform mass likely can take.

At this maximum speed, a fundamental mass (an electron, for example) will
have reached a relativistic mass equal to the Planck mass. This is discussed in

detail in the recent papers by Haug [2] [6] [8] [40]. If correct, this means that

2
many of the IB and Z_pz factors showing up in the quantified formulas could
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Table 1. Some of the standard gravitational relationships given by Newton and Einstein
and their expression rewritten for Planck masses and beyond. The radius set for subatomic
particles are equal to the reduced Compton wavelength of the particle in question.

Units Newton and Einstein form “Wavelength”-form Mass form
Gravitational " 1¢*
G ~6.67408x10 G =-*
constant P h
Newton’s F_gmm F_lc I; = _fem®
e = 2 == 2 2
gravitational force r r’a r’m;
/ | m
Escape velocity v, = 2Gm v, = chﬁ v, = V2 m—c
r P
| m
Orbital velocity v, = Gm v, =2c¢ vV, =—¢C
r A m,
s ) m
Gravitational 11=Gm . chZ p= 7|pcz
parameter m,
Gravitational Gm 2 _m?c?
g= g= P c? g= — =
acceleration field r? 212 m, A
Gravitational time 2Gm V2 12 m’
— _ — [1_te _ _9_>P t =t |1-2—
dilation 0 =t 1 rc? 1 ¢ t=t,1-2 712 ot mi
Orbital time Gm 32 12 m?
= - =,1-——= = _3-2> t,=t, 1-3—
dilation b=t 1-3 rc 2 t,=t,1-3 712 ot m?
4Gm I2 m’
Light deflection S=—— S=4-2L 6=4—
g Cz r /1 2 mi
Sch hild 12 m
C war‘zsca i "= 2(32m -2 r=21—
Radius c A m,
1 1
Gravitational L -1 = -1
redshift GR 1-2-2 1-2—
At m
P
Gravitational . Gm |2 m?
lim z(r)= i I
redshift ABS e 2(7) c’r lim, .. 2(r) bE m?

*We think this formula is only valid for particles with a larger or equal to half the Planck mass. "Based on
the derivation by Adler, Bassin, and Shiffer; see [37] that is done totally independently of GR assumptions.

be quantum relativistic adjustments (that we not have been aware of until now),

which are already there. Haug has shown that

v2 V2
_ Ymax_ _ Ymax_
I::Gmeme:Gmp 1 2 m, 1 o2 2@[1_\@):@£ (45)
r2

rZ r2 CZ r2 ZZ

where v, in this case is the speed the electron needs to take to reach a

relativistic mass equal to the Planck mass, that is Vv, =C . The term
|2

)T_pz is the well-known dimensionless gravitational coupling constant; see [41]
(]

m
[42] [43] [44], that is more commonly written in the form o =—-.
p

In an earlier paper [45], when looking at a possible connection between
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2
electromagnetism and gravity, Haug has also speculated that =& could a be
A

conditional probability factor, related to the probability of gravity hits. The
gravitational coupling constant could be both a quantum relativistic adjustment
as well as a conditional probability factor at the same time; this is fully possible
and further investigation should be encouraged.

The suggested maximum velocity seems to lead to the conclusion that Lorentz
invariance breaks down for extremely high energy levels (at the Planck scale).
That is to say for velocities and energies far above what currently achieved at the
Large Hadron Collider. This is not the first gravitational theory modification or
interpretation that would predict the breakage of Lorentz invariance at very high
energy levels. Quantum gravity theories in general predict breaks in Lorentz
invariance at the Planck scale, see for example [46]. We are not in any way
claiming that we have a presented a new (“complete”) quantum gravity theory
here. Rather we are suggesting that a new interpretation of what is already being
examined could be embedded in the Newtonian and Einsteinian formulas, which
may also be pointing towards concepts similar to those being explored in some

quantum gravity theories. Further investigation is naturally needed on this front.

14. Conclusions

By making the gravitational constant a function form of the reduced Planck
constant, one can easily rewrite many of the end results from Newton’s and
Einstein’s gravitation in quantized form. This has been done recently for masses
above or equal to the Planck mass. In this paper, this framework has been
extended to hold below Planck mass sized objects as well. This gives the same
numerical end results as those obtained by Newton and Einstein, but now
provides new insight about the subatomic world, or at least insight in how well
or not so well Newton’s and Einstein’s gravitational theories fit the subatomic
world. How these new formulas, which only rely on the Planck length, the
Planck constant, the speed of light, and the reduced Compton wavelength,
should be interpreted is open to discussion.

However, we have suggested that the speed of gravity equal to the speed of
light actually is embedded in the Newton formula, and that even quantization
related to the Planck length and the Planck scale is embedded in the Newton

gravitational formula.
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