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Introduction

The coupled oscillator model is used to explain many physical systems, for ex-
ample, is the molecular structure of a crystal that can be represented as a set
of oscillators coupled by springs that play the role of molecular interactions
between the molecules of the crystal.

Given the importance of coupled oscillators, we derive higher order equa-
tions from the equations of motion of a one-dimensional system of /N particles
of the same mass coupled by identical springs. Having obtained higher order
equations, the main objective of this research is to limit the continuum to
obtain a higher order Klein-Gordon equation and study its properties and
characteristics.

Main goals

1. To derive fourth order equations from the equations of motion of coupling
oscillators.

2. To obtain the continuum limit of this equation and determine a higher
order field equation.

3. 'To study properties and solutions of higher order field equations.

4.To study limiting cases that return in second order field equation.

1 Theoretical Model

Consider a one-dimensional system of N particles of the same mass m cou-
pled by springs with the same spring constant k. as shown in Figure. 1:
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Figure 1: One-dimensional coupled oscillators.

The equations of motion for this model can be written as |3, 2]

Gi(t) = w g (t) — 2q:(t) + i1 ()] (i=1,..N), (1)
where ¢;(t) and ¢;(t) is the position and acceleration of the ith particle at a
given instant ¢ and w = y/k/m is the angular frequency. This equation is
coupled since it depends on the positions of neighboring particles. One of the
ways to decouple this equation is by increasing the order of the derivatives,
but in compensation the number of spurious solutions increases. Deriving
the equation (1) up to fourth order and with some algebraic manipulations
we arrive at the following equation:

G'3(t) + 4w7Gi(t) = Wgiat) — 2ai(t) + qi2(t)]  (i=1,..N), (2)
still remains a coupled equation, the same order raising procedure can con-

tinue to be done until obtaining a higher order equation that will only depend
on variables of the ith particle. But our main interest is not decoupling, but

to obtain a Klein-Gordon equation from the equation (2).

The limit of the continuum of this model consists in assuming an infinite
number of particles with the same mass m — 0 coupled by springs with
constant k& and separated by a distance d — 0, such that the density lin-
ear A = m/d be a constant |1|. The position function ¢;(t) becomes a field
function ¢(x,t).

Using finite difference approximations, algebraic manipulations and follow-
ing procedures analogous to what is done in the case of a finite wire, from
(2) we arrive at the following field research

2g0((L‘, t) =0 (3)

In addition to this equation, we obtained two others through different alge-

braic manipulations
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where v is a velocity parameter and a is an acceleration parameter.

2 Discussion

The equations (3), (4) and (5) are not equivalent, this shows us that the same
higher order discrete equation can generate field equations that represent dif-
ferent physical systems. This raises some questions such as: is there a higher
order field equation that is privileged? What types of physical systems can
be described by these equations?

3 Conclusions

S0 far we have come to the conclusion that the same higher order discrete
equation can generate field equations that are not equivalent and represent

different physical systems. The next studies in this research consist of find-
ing solutions to the field equations, understanding which physical systems are
represented by these equations and analyzing limiting cases, for example the
equation (5) which falls into the Klein-Gordon equation when a — oo. We
hope that among the solutions we find there may be one that is a solution to
the Klein-Gordon equation.

References

1] Jerry B. Marion. Classical dynamics of particles and systems. Academic
Press, 2013.

2] A. Pais and G. E. Uhlenbeck. On field theories with non-localized action.
Physical Review, 79(1):145, 1950.

3|I. F. Souza. O formalismo de hamilton-ostrogradski aplicado ao oscilador
de pais-ulhenbeck, available at https://www.unifal-mg.edu.br/fisica/wp-

content /uploads/sites/110/2023/09 /tcc-ivan.pdf. 2023.

Acknowledgements

IF'S thanks CAPES for full financial support. CAMM thanks FAPEMIG
orants APQ-00544-23 and APQ-05218-23 for partial financial support.

S O

C APES FAPEMIG




