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Abstract

This article presents a unified framework for describing the fundamen-
tal forces of gravity, electromagnetism, and the strong nuclear force using
a single set of equations. By refining Newton’s classical equations with
a new constant L, derived from the gravitational constant G and incor-
porating the speed of light ¢, we derive new expressions for force and
orbital velocity that are inherently scalable. These equations provide a
natural link between gravitational, electromagnetic, and strong nuclear
interactions. Furthermore, the fine-structure constant «, a fundamental
constant in quantum electrodynamics and other known constants and re-
lationships emerge naturally from these refined equations, suggesting a
profound connection between these forces. This approach opens up new
avenues for exploring unified field theories and may provide a foundation
for further theoretical and experimental investigations.

Introduction

The search for a grand unified theory of the fundamental forces — gravity, elec-
tromagnetism, and the strong nuclear force — has been a long-standing goal in
theoretical physics. Classical approaches, such as Newton’s law of gravitation,
describe gravity at macroscopic scales, while Quantum Mechanics governs elec-
tromagnetic and strong nuclear interactions at atomic and subatomic levels. In
this paper, we refine Newton’s gravitational equations by incorporating a new
constant L, which is derived from the gravitational constant G and the speed of
light ¢. We also find that L can be derived from the Planck area 1127, the speed of
light ¢, and the reduced Planck constant &, further showing its ability to unify
General Relativity with Quantum Mechanics. This leads to scalable force and
velocity equations that unify these fundamental forces under a single theoret-
ical framework. We also show that the discovery of this new constant L and
the derived electromagnetic scaling factor Sem-gravity provide the mathematical
relationship to further derive the true nature of such things as the fine-structure
constant « and the Bohr radius ag.



Base Definition of Units At All Scales

Meter (m): The ST unit of length.

Kilogram (kg): The SI unit of mass.
Newton (N): The SI unit of force.

Meter per second (m/s): The SI unit of velocity.

Definition of Constants

e Modified Gravitational Constant L:

G
ng

where:

— G =6.67430 x 107 N - m? - kg~ 2 is the gravitational constant,
— ¢ =3 x 10%m/s is the speed of light.

Substituting the values:

_6.67430 x 107!

L= i = 142 1077

e Electromagnetic Scaling Factor Sem-gravity:

Sem—gravity =227x 1059

e Strong Force Scaling Factor Sstrong-gravity:

Sstrong—gravity =5.35 X 1037

These scaling factors adjust the strength of the gravitational constant to
match the forces at the scale of electromagnetism and the strong nuclear force,
respectively.

Gravitational Force Equation

The gravitational force between two masses using the modified constant L is
given by:

C2XM1><M2

Fgravity =L x R2

where:
® Fyravity is the gravitational force in Newtons (N),
e M; and M are the masses in kilograms (kg),

e R is the distance in meters (m).



Orbital Velocity Equation

The orbital velocity v(R) for an object orbiting under the influence of a central
mass Mentral 1S given by:

\/E X € Xy Mcentral
VR

v(R) =
where:
e v(R) is the orbital velocity in meters per second (m/s),
e R is the orbital radius in meters (m),

® Mcentral is the central mass in kilograms (kg).

Calculation Summary for Gravitational Orbital
Velocity and Force (Without Scaling Factors)

Earth Orbiting the Sun (Gravitational Force)
where:

e Mass of the Sun Mg, = 1.989 x 103 kg

e Mass of the Earth Mgy, = 5.972 x 1024 kg

e Distance between Earth and Sun R = 1.496 x 10*' m

Orbital Velocity Calculation:

V'L x ¢ X /Msun
VR

v(R) =
Substitute the values:

V7.42 x 10728 x 3 x 108 x 1/1.989 x 1030
v1.496 x 1011

(R) = 272 10-14 % 3 x 108 x 1.41 x 105
v = 3.87 x 10

v(R) =

v(R) & 29.7km/s
Gravitational Force Calculation:

2
c X MEarth X MSun
R2

Fgravity =L x

Substitute the values:



(3 x 10%)2 x (5.972 x 10%4) x (1.989 x 1030)

F=(742x10"28
(742 x ) (1.496 x 1011)2

Calculating step-by-step:

1.071 x 1072

F=742x10"8x —— -
x " 9238 x 1022

F =355x 102N

Calculation Summary for Orbital Velocity and
Force (With Electromagnetic Scaling Factor)

Electron Orbiting a Proton (Electromagnetic Scaling)
where:
e Mass of the electron m, = 9.10938356 x 103! kg
e Mass of the proton M, = 1.6726 x 10727 kg
e Distance between electron and proton (Bohr radius) r = 5.29 x 10~ m
e Scaling factor for electromagnetism Sem-gravity = 2.27 X 1039

Orbital Velocity Calculation:

S XL x e x /T,
v(ry) = NG

Substitute the values:

V227 x 1039 x 7.42 x 10728 x 3 x 10% x v/1.6726 x 10~27
vlr) = 529 x 1011

v(ry) ~2.19 x 106 m/s

Electromagnetic Force Calculation:

czxmepr

ch—scalcd = Scm—gravity x L x r2

Substitute the values:

F = (2.27 x 10%9) x (7.42 x 10728)x (1)
(3 x 10%)% x (9.10938356 x 10731 x (1.6726 x 10~27) @
(5.29 x 10~—11)2




Calculating step-by-step:

F=82x10"8N

Strong Force Calculation

Proton-Proton Force (Strong Force Scaling)
where:
e Distance between two protons r =1 x 1071 m
e Mass of a proton M, = 1.6726 x 107" kg
e Scaling factor for the strong force Sgtrong-gravity = 9.35 X 1037
Strong Force Calculation:

& x M2

Fstrong—scaled = Sstrong—gravity x L x )

Substitute the values:

F = (535 x 10°7) x (7.42 x 10-25) x (32107 x (L6726 x 107)"

(1 x 10-15)2

Calculating step-by-step:

F~1.00x10*N

Fine-Structure Constant Calculation

The fine-structure constant « is calculated using the refined formula:

o= \/L X Sem—gravity X mp

r

where:

o [ =742x107%8

® Sem-gravity = 2.27 x 1039

e Mass of a proton m, = 1.6726 x 10727 kg

Bohr Radius r = 5.29 x 10~ 1'm



Substitute the values:

a =

\/(7.42 x 10728) x (2.27 x 10%9) x (1.6726 x 10~27)
5.29 x 10—11
Calculating step-by-step:

1
~T7.297 x 1073 (—
“ <107 (437)

Bohr Radius in Terms of the Fine-Structure Con-
stant

The Bohr radius r; using the refined formula for the fine-structure constant o
is given by:

L x Sem—gravity X my
a?

r =
Substitute the values:

(7.42 x 1028) x (2.27 x 10%9) x (1.6726 x 10~27)
(7.297 x 10-3)2

™ =

Calculate the numerator:

(7.42 x 10728) x (2.27 x 10%9) x (1.6726 x 10727) = 2.815 x 10~ m
Calculate the denominator:
(7.297 x 107%)? = 5.32 x 107°
Calculate rq:

2.815 x 10715

"= 530 % 10-5

r=529x%x10""m

Calculation of Electromagnetic Scaling Factor

The scaling factor Sem-gravity,n 15 given by:

o Xy,

Sem— ravity,n —
g Y L % mp

where:

o a=17297 x 1073



e 7, =n? X 1y is the orbital radius for the n-th orbital,

o L =7.424858849 x 10728,

e m, = 1.67262192369 x 10727 kg (proton mass),

r1 = 5.29 x 10~ m (Bohr radius).

Calculation of Orbital Energy Levels Using Scal-
ing Factors

Given the scaling factors for the gravitational scaling of the orbitals:

Sem-gravity, 1S = 2.27 x 1039

Sem—gravity, 2s = 9.06 x 1039

Sem—gravity, 38 — 2.04 x 1040
Scm—gravity7 45 — 3.62 x 1040
We find that when we use:

E. — _13.6¢cV X Se1{1{1—,g‘ravity7 1S
n = . —_—
em-gravity, n

For example, for the 4S Orbital:

2.27 x 10%°

We arrive at the following values for orbital energy levels:
e 1S Orbital: F15 = —13.6€V,

e 2S Orbital: Fsg = —3.4€V,

e 3S Orbital: F35 = —1.51€V,

e 45 Orbital: Eys = —0.85eV

Schwarzschild Radius of a Proton

The Schwarzschild radius r for a proton using the scaling parameter L is given
by:
re =2LM
where:

L=742x10"%
M =1.67 x 107%"kg.



Substituting these values gives:

re =2 x (742 x 10728) x (1.67 x 107%7) &~ 2.48 x 10~ m.

Derived Relationships of the Constituent Univer-
sal Constants and Their Values

Expression for L (Modified Gravitational Constant):

2.c
I = pr -
n
Value:
1.616255 x 10735)2 x (3.0 x 108
[ — (1616255 X 1077)" x (3.0 X 107) _ 3335708700812 x 10-2°

1.054 x 10—34

Expression for i (Reduced Planck’s Constant):

2
l5-c

h:
L

Value:
(1.616255 x 1073%)% x (3.0 x 108)

h= =1.054 x 10734
7.435332708799812 x 10—28 054 % 10

Expression for ¢ (Speed of Light):

Value:

, _ (7:435332708799812 x 10~%%) x (1054 x 107 _
= (1.616255 x 10-37)2 -

Expression for [2 (Planck Length Squared):

_L-h
B c

2
ZIU

Value:

2 (7.435332708799812 x 10728) x (1.054 x 10734)
2

30 X 108 = (1.616255 x 1073%)2



Composite Constants

Planck Mass m, = 1/ i
Planck Time 1/

3

Planck Energy FE, = hz
Planck T t Ty =1 —5
anck Temperature 7T, 7 k%

Curvature Scales

The framework defines two characteristic curvature scales corresponding to grav-
itational and electromagnetic interactions.
e Gravitational Curvature Scale (7gravity):
GM
Tgravity = LxM= CT
- Where: M is the mass causing the gravitational field.

e Electromagnetic Curvature Scale (rem):

kee?

MeC2

Tem =

Unified Equations

The framework introduces unified equations for calculating force (F') and orbital
velocity (v(R)) based on the characteristic curvature scales. The equations for
gravity yield the same results as previously described, but the equations for
electromagnetism are now calculated from the curvature of the electron rather
than scaling the proton’s mass, thereby removing the need for the (Sem-gravity)
scaling factor.

e Force (F):
r -
F—mx c2 « chara.Ré:thrlstlc
- Where:
— m is the mass of the orbiting object.
— R is the distance between the centers of the two masses or charges.

— Tcharacteristic 1S either Tgravity OT Tem-

e Orbital Velocity (v(R)):

[Tch teristi
’U(R) =c X C. aracRerls 1C



Application to the Electron-Proton System

The **electron-proton** system is governed primarily by **electromagnetic in-
teractions**. We apply the unifying equations to calculate the **force™* be-
tween the electron and proton, as well as the **orbital velocity** of the electron
around the proton.

Given Data
e Mass of Proton (my):
my = 1.6726219 x 10~ kg

e Mass of Electron (me):

me = 9.10938356 x 10731 kg
e Elementary Charge (e):
e = 1.602176634 x 10712 C

e Distance between Electron and Proton (R):

R =1529177 x 107"*m  (Bohr Radius)

Calculations

Electromagnetic Curvature Scale (7em)

kee?
Tem =

MeC2

. _ 8.987551787 x 10° N m? C~2 x (1.602176634 x 1012 C)2
T 9.10938356 x 10~31 kg x (2.99792458 x 108 m/s)2

. 8.987551787 x 10? x 2.566969966 x 1038
M 9.10938356 x 10—31 x 8.987551787 x 1016
2306 x 107
T 8179 x 10— 14
~ 2.81794 x 107 % m

Force (F)

Tem

R2

F:mexc2><

2.81794 x 10~ m

F =9.10938356 x 10731 k 2.99792458 x 10® 2
X gx( X 07 m/8) X 7T X 1017 m)?

F~8237Tx1078N
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Orbital Velocity (v(R))

2.81794 x 10~ m
5.29177 x 10~ 11 m

v(R) ~2.19 x 10°m/s

v(R) = 2.99792458 x 108 m/s x \/

Verification

¢ Known Electromagnetic Force between Electron and Proton:

Frnown = 8.2383 x 1078 N

e Calculated Value:
F~8237Tx 107N

e Known Orbital Velocity of Electron in Hydrogen Atom:

Vknown ~ 2.19 x 10°m/s

e Calculated Value:
v(R) ~2.19 x 10°m/s

Reduction of Universal Force Formula to Planck
Force Formula

The universal force formula is given by:

T, P
= 2 _characteristic
F=mxc x i

where: - F is the force, - m is the mass of the orbiting object, - ¢ is the speed
of light, - 7characteristic 1S the curvature scale (e.g., classical electron radius), - R
is the distance between objects.

For the Planck scale, the force can be expressed as:

_ 2
F,=m, xc” X —
lp

where: - F}, is the Planck force, - m,, is the Planck mass, - [, is the Planck
length.
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We know that the Planck force can also be expressed as:

2
C
Fp == f
where:
G BB-c K 2.3 ke hc? l 2
=22 - 2 2 X " _74x10®
c h mgyc h Ep TpkB myp F,
Conclusion

This unified framework demonstrates that by using the correct modifications
and scaling factors, the modified force and velocity equations consistently apply
across different scales, bridging the gap between gravitational, electromagnetic,
and nuclear interactions. The emergence of the aforementioned constants and
known values in this context further highlights the profound interconnected-
ness of these fundamental forces, laying the groundwork for future research into
other unified field theories. Other known constants and relationships can also be
found within these equations. The reduction of forces to a single set of unifying
equations using L establishes the geometric curvature based description of force
within our universe.

©) Timothy Lester 2024
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