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Much of the known dynamic of the particles is governed by local 

interactions such as the electromagnetism but the quantum mechanics 

also adds the possibility of the dynamics be governed by nonlocal 

interactions in case of mutually entangled particles. Here, by using the 

formalism of quantum mechanics, it is shown quantitatively that in an 

entangled system of two particles, where a negligible or null interaction 

happens each other as well as the outside world via local known 

interactions, the momentum of a particle varies considering that the other 

particle of the pair achieves an infinite potential well. This article theorizes 

qualitatively a much larger system, so that all existing particles are in 

condition of quantum entanglement and consequently this generality 

explains possibly the main properties of the gravity. 

 

Quantum entanglement, nonlocal potential, generality, gravity  

 

This work proposes a didactic system based on the EPR “gedankenexperiment” model [1] [2] 

including some simple modification where its behavior is analysed using the quantum mechanics 

formalism. 

A pair of quantum entangled particles with the same module of momentum are emitted in 

the opposite directions, so that one of the particles labeled as "Particle 1” follows the positive 

direction of x axis reaching an infinite potential barrier placed on the coordinate x=0 and another one 

labeled as “Particle 2” follows freely the negative direction of x axis. This system is showed in the 

figure 1. There is no local forces acting between them and and both particles are limited in the 

degree of freedom of the x axis. 
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Figure 1. The graphic shows a system of two quantum entangled particles moving in different 

directions along the axis x. The particle 2 moves freely but the particle 1 reaches a infinite  

 

potential barrier located in the origin of the coordinates ( ).The region  is the prohibited 

area and the particle 1 cannot surpass it. 

The analysis of the system starts in the period of time when the particle 2 reaches the barrier 

in the origin of the coordinates ( ) and it is assumed a stationary state of the system from this 

point ahead. 

The joint wave function represents the quantum state of the pair of particles and it 

must be the solution [3] of the time-independent Schrödinger equation: 

,     (1) 

where  is the mass of the particle 1,   is the mass of the particle 2, is the usual Planck constant 

divided by ,  is the eigenstate of energy of the system,  represents the joint wave function 

. 

The system boundary conditions set by the infinite potential barrier leads to a superposition 

of two wave functions of the same amplitude [1] such that the joint wave function is the 

therefore the sum between the reflected wave function  and the incident wave function  

: 
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, (2) 

where  and are respectively the wave number associated to the particle 1 and the wave number 

associated to the particle 2. 

The condition of unicity and continuity of the joint wave function   is satisfied in the 

position of the infinite potential barrier as showed in the reference [4] so that the amplitude 

becomes null for  

The joint wave function must be the solution of the Schrödinger equation (1) and this 

condition can be verified by using the combination of the complex exponential functions, so that the 

result is represented by a trigonometric cosine function: 

.   (3) 

Other boundary condition must be also satisfied: 

        (4) 

so that the  joint wave function must be null for  considering the infinite potential 

barrier. Considering this, the joint wave function must obey the relationship between the 

position of the particle 2 and its wave number: 

,    (5) 

as the result, the wave number must obey the following relationship: 

 ,         (6) 

where n is a integer number. 

Similarly, the joint wave function must also obey the relationship between the 

position of the particle 1 and its wave number: 

 .        (7) 

Sumarizing, the boundary conditions are just satisfied for some specific wave numbers   

and indexed according to the quantum number n.  

This calculation suggests a solution for the problem.  



4 
 

It is possible to calculate the both eigenfunction of the energy operator and its eigenvalues 

replacing the cosine function related to the joint wave function  in the Schröndiger equation 

(1): 

     
          (8) 

so that the eigenvalue of the energy of the particle 1 is the following: 

,          (9) 

and also: 

  (10) 

so that the eigenvalue of the energy of the particle 2 is: 

.          (11) 

Substituting each term in the Schröndiger equation (1) again, it is possible to calculate the 

following: 

  . (12) 

This calculation indicates that the joint wave function  is really the solution of the 

Schröndiger equation (1) for the system, and the sum of the eigenvalues of the energy  and  

leads the eigenvalues of the system . 

It is also possible to calculate the eigenfunction of the momentum operators   and 

related to both particles: 

  (13) 

Where  and are the momentum values of the particle 1 respectively in 

the directions and . 
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  (14) 

Where   and  are the momentum values of the particle 2 respectively in the 

directions and . 

Considering the initial premise, the module of all momentum components are the same: 

  (15) 

and the total momentum of the system p is null and follows the conservation principle: 

   (16) 

This calculation suggests that the particle 2 undergoes a non local effect of the potential 

when the other particle of the pair reaches the barrier considering that both are quantum entangled 

and represented by the joint wave function . 

Let’s analyze how the particle 2 is affected when the particle 1 reaches the infinite potential 

barrier in case of non entanglement condition between them. 

In this case, each particle is represented by its own separated eigenstate and our analysis 

must consider that the particle 1 reach the barrier according to the wave function : 

 .       (17) 

For the particle 2, we have the following wave function : 

.         (18) 

Considering this, the following joint wave function  is also the solution of the 

Schröndiger equation (1) for the system according to the incidence and the reflection of the wave 

function associated of the particle 1: 

.  (19) 

For this situation, the momentum of the particle 2 can be calculated as following: 

,  (20) 
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where for simplicity of notation, the joint wave function of the system is represented as 

and the wave function  of the particle 2 is represented as . 

The unique component of momentum of the particle 2 is in direction  

when there is no entanglement with the particle 1. 

In other words, there is not any non local effects in the particle 2 when the particle 1 reaches 

the infinite potential barrier if there is not a condition of entanglement between them. 

The theoretical analysis of this simple system suggests that nonlocal potentials can also 

govern the quantum states of the particles but the main question is its generality. 

Penrose [5] showed that entanglements tend to spread so that eventually every particle in 

the universe must become entangled with every other but he asked why the ordinary objects of 

experience appear as separated independent things. 

The work of the reference [6] demonstrated via the formalism of quantum mechanics that 

everything is entangled and he answered the question of Penrose showing that randomly chosen 

small subsystems are unlikely to be directly entangled with each other considering that they are 

sharing entanglement with all other existing system of particles. This generalized quantum 

entanglement between all particles means really a complete generality and this is one of the main 

properties of the gravity considering that everything in the Universe exerts a gravitational effect on 

everything else. 

Generality is the first main property considering the non-locality of the gravity but other 

properties can be described as following. 

The absence of the detection of gravitons in several experiments as shown by the reference 

[7] suggests other kind of causal origin for the gravity than a carrier of force such as usually expected 

and this subject can reinforce the argument for connection between gravity and widespread nonlocal 

potentials. 

According to the reference [8], in case of the neutron interference experiment, the standard 

quantum mechanical prediction is in full agreement with the effect caused by the local potential of 

the gravity of the Earth and there is no agreement with the entropic gravity theory for example. A 

nonlocal potential can also affect the neutron interference and ensures the quantization of the 

gravity. This is because the nonlocal potentials are extensions or projections of the local potentials 

where the same properties are expected for both.  

In the didactic small system of this work it was shown that the local potential affects the 

particle 1 at the same time that also affects the particle 2 in the nonlocal way but considering the 

universal system according to [6], the degrees of freedom are uniformly distributed via widespread 

entanglements and as the result, any liquid effect of the nonlocal potentials must be extremely weak 

and this fact really explains the weakness of gravity in comparison than other forces. 

Despite the weakness of the effects of the nonlocal potentials, a liquid attraction between 

separated groups of particles such as sub-atomic particles, atoms and molecules can be taken in 
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place considering their inner binding via local potentials such as the electromagnetic. The outwards 

projection of the inner attraction via nonlocal potentials can explain the attractive long range of the 

gravity and its intensity reduction according to the increasing of distance can be also similar than 

shown in the electromagnetism. As well known, the intensity of the electromagnetic force depends 

on the density of photons in the space considering that the photon momentum does not vary during 

its displacement between its emission and absorption.  For example, the density of photons in the 

ideal laser beam cannot vary with the emission distance but the variation can happen according to 

the inverse of the distance square in case of the electromagnetic field of punctual charges.  Similarly, 

the density of couplings via quantum entanglements can have the same behavior than the density of 

photons, as results, the gravity potential can be reduced also according to the inverse of the distance 

such as usually observed in the cosmology. 

The Jacobson’s article [9] inspired the entropic gravity theorists making a connection 

between gravity, general relativity (Einstein´s equation and geometry of space-time) and 

thermodynamics using the Unruh effect as central point where accelerated observers are subject to a 

thermal bath of particles of the quantum vacuum entangled with other separated by causal horizons. 

In the theory advocated in this article, quantum entanglements are widespread and therefore all 

particles are dependent on the degrees of freedom of all others that are separated far beyond the 

causal horizons regardless of whether accelerated or not in terms of reference. A completely chaotic 

or purely thermal state could be taken in place considering the mentioned widespread 

entanglements but the particles are also subject to local potentials (known forces) and hence 

nonlocal potentials which cause deviations (group of particles clumping). As it was shown before, the 

nonlocal potentials for some particles can be the local potentials for other and vice-versa. Given 

those differences, theoretically it is possible to follow that train of thought related to the Jacobson 

work in order to better understand why the general relativity explain the gravity in terms of the 

apparent spacetime. 

The connection between gravity and inertia considering the Mach’s principle [10] can be 

undoubtedly a greater argument if such phenomenon is really nonlocal in its nature. The main 

property for this principle is the instantaneous action of the non-local interactions. The inertial 

effects demand an instantaneous interaction between particles or objects and the rest of universe 

when its momentum is varied.  

There are some possible experimental evidences related to weak forces considered 
anomalous and measured in high voltage capacitors [11] well insulated and shielded where a null or 
extremely weak electrostatic interaction with the environment cannot give some causal explaining 
for them. The law of conservation of momentum demands a real interaction between capacitor and 
environment and a nonlocal interaction can fulfill this requirement accordingly.  The intensity of the 
“anomalous” force is proportional to the total angular momentum variation of all internal electric 
dipoles of the dielectric when an electric field is applied between the plates. This subject suggests 
that the force of alignment of electric dipoles is inducted outward via entanglements to the 
environment and the direction of the force is parallel than the alignment direction of the electric 
dipoles. It is possible to find out more evidences in other different devices where the collective state 
of the myriad of internal particles is changed by known strong local potentials although sometimes it 
results in the weak effects considered as noise, failure of measurement, failure of shielding or 
insulation and external perturbation.  
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In conclusion, it was shown in quantitative terms that a particle varies its momentum 
when another one of the quantum entangled pair reaches an infinite potential barrier even that both 
did not interact each other via known local forces. The possible generality of quantum 
entanglements between all existing particles can explain at least qualitatively the main properties of 
the gravity such as the generality, the absence of its force carriers (gravitons), the quantification, the 
weakness in comparison than other known forces, the reduction of force according to the square of 
distance, the usual attraction, the connection with the inertia and the experimental evidences. Of 
course that all those themes need much more detailed quantitative analysis. 
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