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Abstract 
Quarks move within the nucleon at relativistic speeds. This causes intertia. This inertia results in 
gravitational mass-effect. For short distances this is the strong force, for distant objects it is 
gravity. This is due to an increase in the gravitational constant related to the velocity of objects 
moving at speeds close to the speed of light. This relation is calculable with a formula presented in 
the text. 
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1. Introduction 
The three quarks making up the protons and neutrons move at relativistic speeds. This is in contrast to the speed 
of electrons in the atom which is much slower, allowing calculating their speed with non-relativistic quantum 
mechanics. The velocity of quarks within the nucleus is nearly equal to that of light. Quarks encounter very rap-
id change of velocity and turn back sharply [1]. Therefore, to calculate their gravitational effects, relativistic 
calculations are required.  

Quarks, like all matters, are affected by Newtonian. This applies to any particle including quarks [2]. The 
faster a quark moves, the higher its inertia is. If a particle moves at a speed close to that of light, its inertia be-
comes almost infinite. The increase of mass-effect comes from the relativistic increase of the inertial force-from 
motion. As the quarks move inside the protons and neutrons at speeds comparable to the speed of light, there 
exists a relativistic increase of their inertial mass-effect. 

One of the pillars of Einstein’s Relativity is the principle of equivalence: the equivalence of inertia and gravi-
tation. Therefore, masses moving at different velocities, have different inertial forces, and so have different gra-
vitational forces. This holds true for any quark, up and down quarks and of any colour. 

It has already been suggested that there is no need for the postulate of gluons [3]. The concept presented by 
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those authors is that the strong force is just relativistic gravity (i.e. gravitational attraction between relativistic 
particles). 

2. Gravitational Increase Due to Velocity 
Energy, exerted as inertia, is dependent on the velocity of a moving object, and creates an increase to the gravi-
tational constant “G”. This is according to a formula developed in a previous publication [4].  

In that previous manuscript it was shown that the stronger force required accelerating a faster moving object 
is due to the increase of the objects inertia, not mass. This stronger inertia is due to an increase of the gravita-
tional effect, and that, by a change in the gravitational constant “G”, thereby making the use of the problematic 
term “relativistic mass” to describe “mass-effect” unnecessary. As gravity’s pull is directional, a formula is de-
veloped, taking into account the velocity and the direction of any moving object.  

This formula is: 
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The gravitational relativistic constant is denoted with the letter “Grel”. α is the angle between the direction of 
movement of an object and the direction of gravitational pull.  

The (±) sign is (+) for receding object and is (−) for objects approaching each other. 
As there are three quarks in the proton or neutron, and they exert varying degrees of force in different direc-

tions, including sideway forces, they interact with each other in varying speeds and directions. Two objects pull 
each other in a straight line, which is not the case here. The quarks are continually moving in random directions 
and at random speeds, but according to specific patterns. Their speed reaches that of light ©. 

In the mentioned formula the effect of direction of movement is taken into account. 
It is postulated in the present paper that the same rules apply to the attractive forces between any particles, in-

cluding quarks. Therefore, the much stronger force of the strong force is due to the high velocities of the quarks. 
Quarks move at relativistic speeds, so their inertia, and thereby their gravitational effect, is much larger than that 
of particles moving at Newtonian speeds. 

It is the acceleration of energy within a particle that produces the mass-effect and consequently, gravity [5]. 
That the strong force is 1038 times stronger than gravity is here contributed to the high accelerating speed of the 
quarks. They move only a fraction less fast than the speed of light ©. Therefore, their mass-effect approaches 
infinity. 

An invariant mass has inertia. This inertia is due to the property of matter, which is composed mainly by pro-
tons and neutrons that are made from three quarks. These quarks are in persistent movement, independent to the 
motion of the proton or neutron, and also when a particle is at rest. That is the reason that inertial mass exists in 
every object. 

3. Gravity and Strong Force Entanglement 
It is the prevailing concept that gravity differs from the strong force for several reasons. These are mainly: 

That gravity is G∙10−38 weaker, affects all particles, not just quarks, has an infinite range in contrast to a li-
mited range of the strong force and is only attractive without any repelling property, like the strong force. 

Herewith, all these so called features are disputed, showing that gravity and the strong force are correlated. 
These two forces can be unified. By calculating the relativistic gravitational constant “Grel” with the above 
mentioned formula, this correlation becomes obvious. According to this equation, when the velocity of any par-
ticle is close to the speed of light, its gravitational mass-effect becomes infinite. It is generally accepted in phys-
ics that the strong force is G∙1038 stronger than gravity. Soan increase of the gravitational constant to that value, 
the gravitational mass-effect of a particle will have the strength of the strong force. Thereby the relativistic gra-
vitational constant (Grel) will ensue in the strength attributed to the strong force.  

Putting in this formula values of v/c = 1 – 10−38, G will increase to Grel values which create the strength of 
the strong force. As quarks move at the speed of light, ensuing is the Grel value so strong that it equals the 
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strong force. 
The attractive force (F) between two objects is directly proportional to the product of their mass (m1 and m2) 

and inversely proportional to the square of the distance (r) between them 

1 2
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Here, Grel, according to the first formula, replaces G, and m1 and m2 are masses of quarks. The distance r 
here is the diameter of the proton or neutron.  

This distance is estimated to be 0.818 × 10−15 meters. At that extremely short range, the gravitational force, 
with Grel replacing G, will be the strong force.  

For more distant particles, r2 increases, diminishing significantly the attractive force. Also, electrons do not 
move at any speed near that of light. So the Grel, affecting their attraction, will be negligible. These are the rea-
sons that the strong force affects only the quarks. Not due to any obscure phenomena. 

The quarks, which are the components of protons and neutrons, move back and forth at a speed close to the 
speed of light, and in random directions. This back and forth movement, or zigzag motion, has already been 
quantified [6]. According to the mentioned formula for Grel, the direction of a moving particle is of major im-
portance.  

4. The Effect of Direction of Particles 
There exist some differences between particles receding and those approaching each other. At extremely high 
relativistic speeds, objects approaching each other have a repelling effect. When objects approaching each other 
are at 0.78615 c, their inertia equals to their gravitational affect. For particles approaching each other at still 
faster speeds, the gravitational effect will have a negative repelling gravitational effect. 

Therefore, a negative gravitational effect occurs both with gravity and with the strong force. There exists a 
very small difference of the Grel values of objects approaching each other to those receding from each other, 
moving at the same speeds. This is also true for quarks. As quarks move back and forth and change directions, 
there exists a difference of the gravitational values (Grel), depending on their movement. Quarks move in oppo-
site directions, due to oppositely acting forces. These contradicting forces annihilate each other. 

Due to this small difference between the inertial forces, acting on objects receding from each other to the 
force acting on objects approaching each other, there is “left over” inertia of the strong force which acts between 
the quarks. This inertia effects matter outside the nucleus. That is “leakage” of inertia outside the proton and 
neutron, which might have a gravitational effect [7]. 

5. Conclusions 
It is the acceleration of energy within a particle that produces inertia, thereby affecting its mass-effect and con-
sequently gravity. That applies to all matter, including quarks. As quarks are affected by the strong force, it is 
the relativistic gravitational force. Entanglement of the energy binding quarks becomes correlated to interaction 
with other particles by gravity. This correlation is predictable by a formula presented and makes their relation 
calculable. Thereby gravity and the strong force are entangled and constitute a solution to the long sought force 
unification.  

Gravity still remains one of the biggest mysteries. General relativity postulates that gravity is a curvature of 
space time created by matter, but it does not explain how this curvature occurs. There is currently no complete 
theory of the fundamental force-gravity. 

The present paper is a step further to elucidate these issues and to achieve a universal theory. 
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