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Abstract In this manuscript, an approximate periodic solution of a nonlinear
Jerk equation concerning the third order time derivative (ODE) is demon-
strated. This method succeeds highly in constructing a periodic solution
for Jerk nonlinear differential equations. The results investigated from this
method are compared with those determined from other analytical and nu-
merical methods. Our results demonstrate a significant consistency with the
numerical solution in addition to the analytical methods.
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1. Introduction

Jerk equation (JE) expresses the acceleration change with time; JE is the first
derivative of acceleration ( j) and can be expressed as follows.
- da  d*v 43 11
TS T A T ds (1)
Having that
a is acceleration;
¥ is velocity;
§ is displacement;
t is time.
As JE is a third derivative of displacement, differential equation (DE) of the form

J(i i d,x) =0 (1.2)

Known as JE. It was found that a JE, which describes a system formed of three
first-order, ordinary non-linear DE, is the minimal expression showing a chaotic
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manner [1]. The familiar form of the JE that keeps its style upon time and space
reversal, and with the cubic non-linearities is determined as:

i = i — ad® — fa’i + dwid — eii?, (1.3)

where the parameters €, §, 5, a and 7y are constant. Here, for special cases and to
compare with other studies at least one of the parameters d, 3 and € should be not
equal to zero. The initial conditions (IC) are [1]

2(0) =0, #0)=B#0, i(0)=0. (1.4)

JE spreads widely in several mechanics and acoustics applications. Therefore, many
methods are demonstrated to investigate an exact or approximate solution for it.
Modified harmonic balance method (MHBM) [2] is used to find a 2"¢ approximate
solution of non-linear, third-order differential JE, but it is successful for a limited
number of other non-linear equations. Hybrid block method (HBM) [3] solves JE
with one hybrid point that is indicated to enhance effectively the local truncation
errors of the basic formulas of the solutions and the derivatives at the end of the
block. The Homotopy method, considered as one of the powerful methods in many
physical and mechanical approximations [4], is extended to provide periodic solu-
tions of a nonlinear jerk equation involving the 3" order time derivative. A suitable
parameter is introduced to provide a numerical solution that proves well for the first
few terms. The Analytical solutions [5], by Ramose, are developed for nonlinear,
374 order nonlinear DE to investigate a convergent solution. The solutions are de-
termined as functions of the coefficients that concern the terms that are linearly
proportional to the velocity and nonlinear terms, using means of transformations
for periodic and non-periodic behavior. In our study, we use the LDM. The LDM
is an effective, and accurate method for demonstrating analytical solutions to non-
linear problems. Also, it competes highly with other methods in finding accurate
or approximate solutions for different nonlinear equations of physical or mechanical
applications [6]. On the other hand, LDM proves the highest advantage in exceeding
the difficulty that appears in the calculation of the Adomain polynomials, compared
with other methods. The LDM divides the given equation into non-linear and lin-
ear parts, next obtains the highest-order derivative operator incorporated with the
linear operator on each side, then provides Adomian’s polynomials, and eventually
investigates the series successive terms of the solution by a frequent relation using
Adomian’s polynomials. [7].

Lu+ Nu+Ru=g (1.5)

where L is an operator representing the highest order derivative; R is a linear
operator for the remainder of the linear portion; N(u) represents the non-linear
terms; lastly, g is the source term. This article is divided into three sections:
the current section which demonstrates the introduction; the second section which
demonstrates the mathematical analysis and results; and lastly, the conclusion in
section 3.

2. Mathematical analysis and results

With appreciation of the general case, let us consider the case for « = 8 = 1 and
v=0d=¢€=0. So, Eq.(1.3) becomes

= -2 — 2% (2.1)



