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ABSTRACT

Forced oscillation is a common phenomenon in many physical systems, where
an external force is applied to a system that is undergoing oscillations. Maple is a
powerful software package that can be used to model and simulate forced oscillation
in a variety of contexts. In this article, we provide an overview of the Maple system
and its capabilities for modeling forced oscillation. We present examples of how
Maple can be used to analyze and simulate forced oscillation in various systems,
including mechanical systems, electrical circuits, and biological systems. We also
discuss some of the advantages and limitations of using Maple for modeling forced
oscillation, and provide some tips and tricks for using the software effectively.

Keywords: Forced oscillation, Maple system, Modeling, Simulation, Physical
systems, Mechanical systems, Electrical circuits, Analysis, Advantages, Limitations.

AHHOTALIUS

BblHyOfcaeHHble Konebanus — oO0ObIYHOEe SABNeHUe 60 MHOSUX (j)us’uqecmtx
cucmemax, K020a K cucmeme, coeepmaioweﬁ KOJZ€6CZHM}1, npumadbleaemc;z BHEULHAA
cuna. Maple — osmo mowmwiii  npoepammmueill  naxkem, KOMOP®IUL MONCHO
UCNOIbL306AMb OIS MOOGJZMpO@ClHu}Z 6blHy9fca€HHle Konebanuil 6 PAaA3IUUHBIX
Konmekcmax. B smoii cmamve mvl npedocmasnsiem 0630p cucmemsr Maple u ee
B03MOJCHOCINEU OJI51 MOOETUPOBAHUSL BbIHYHCOCHHBIX Konebanull. Ml npedcmasisem
npumepovr mozo, kaxk Maple mooicno ucnonvzosame O ananuza u MOOEIUPOBAHUS
GbZHyZ)fC@eHHblx Konebanuil 6 PA3TUYHbIX cucmemdax, e6KJIndas MexaHuvecKue
cucmemsl, dJleKmpudecKkue yenu u ouonocuyeckue cucmemnol. Mol maxorwce 066‘)/@1/[]‘/!
HeKomopwole npeumywecmeda u OcpaHU4YeHUA UCnojlb3o06aHUA Maple ons
MOOENUPOBAHUSL  BLIHYHCOCHHBIX KONeOAHUll U 0a0uM HECKOIbKO CO8emo8 U
pexomeHoayui no dpEHeKmusHoMy UCNONb30BAHUIO NPOCPAMMHO20 0DecneyeHUs.

Knroueesvie cioea: BblHyofC()eHHbze Konebanus, Cucmema Maple,
ModeﬂupoeaHue, Modeﬂupoeaﬂue, Duszuueckue cucmemol, Mexanuueckue cucmemoi,
Onexmpuueckue yenu, Ananus, Ilpeumywecmea, Ocpanuyenus.

INTRODUCTION
Forced oscillation is a phenomenon that arises when an external force acts on a
system that is already oscillating. Examples of such systems can be found in a wide
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range of fields, including mechanical engineering, physics, electrical engineering, and
biology. Understanding and modeling forced oscillation is critical for the design and
analysis of many physical systems.

There are various methods available for modeling and simulating forced
oscillation, ranging from analytical techniques to numerical simulations. Among
these methods, the Maple system provides a powerful tool that allows for the
modeling and simulation of a wide range of physical systems. Maple is a computer
algebra system that is widely used in academia and industry for symbolic
computation, numerical analysis, and visualization.

The use of Maple in modeling forced oscillation has been documented in
numerous studies. For example, in [1] Maple was used to model and analyze the
behavior of an oscillator with fractional damping that was subjected to a periodic
external force. The study showed that Maple was able to accurately predict the
behavior of the system and provided insights into the effect of the parameters of the
external force on the system's behavior.

In [2] Maple was used to analyze the response of a class of electrical circuits to a
sinusoidal input signal. The study demonstrated that Maple was able to accurately
simulate the response of the circuit and provided a convenient way to analyze the
behavior of the system under different input conditions.

In this article, we provide an overview of the Maple system and its capabilities
for modeling forced oscillation. We present examples of how Maple can be used to
analyze and simulate forced oscillation in various systems, including mechanical
systems, electrical circuits, and biological systems. We also discuss the advantages
and limitations of using Maple for modeling forced oscillation and provide some tips
and tricks for using the software effectively.

By providing a comprehensive introduction to the Maple system and its
applications for modeling forced oscillation, this article aims to provide researchers
and practitioners with a useful resource for understanding and analyzing forced
oscillation in physical systems. The insights gained from the modeling and simulation
of forced oscillation can help researchers to design more efficient and robust systems,
and to predict and prevent potential problems in these systems.

METHODS

Forced oscillation is a common phenomenon observed in physical systems,
where an external force or input causes a system to oscillate around its equilibrium
position. Examples of such systems include mechanical systems like bridges and
buildings, electrical circuits like RLC circuits and oscillators, and biological systems
like the beating of the heart or the oscillation of neurons in the brain. The behavior of
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these systems can be complex and difficult to analyze, which necessitates the use of
specialized software tools like Maple for modeling and simulating them.

Maple is a powerful computational software tool that offers a range of features
for modeling and simulating physical systems. These features include symbolic
computation, numerical analysis, and visualization, among others. Maple's symbolic
computation capabilities allow users to work with equations and expressions
symbolically, making it easier to derive mathematical models for physical systems.
Its numerical analysis capabilities enable users to solve equations numerically and
obtain accurate solutions for complex systems. Finally, Maple's visualization tools
allow users to represent and analyze the results of simulations in a graphical format.

In mechanical systems, forced oscillation can arise due to external forces like
wind, earthquakes, or traffic vibrations. These forces can cause structures like bridges
and buildings to oscillate around their equilibrium positions, which can lead to
damage or failure of the structure. Maple can be used to model and simulate the
behavior of such systems under different loading conditions, allowing engineers to
design more efficient and robust structures.

For example, a Maple-based model of a simple mass-spring system subjected to
an external force can be formulated using the following equation:

mi(t) + kx(t) = F cos{wt) Q)

where m is the mass of the object, ¥ is the spring constant, x(t) is the
displacement of the object from its equilibrium position at time ¢, F is the amplitude
of the external force, « is the frequency of the external force, and i(t) is the second
derivative of x(t) with respect to time. The solution of this equation can be obtained
using Maple's differential equation solver, and the results can be visualized using
Maple's plotting tools.

In electrical circuits, forced oscillation can arise due to external signals like
sinusoidal input signals or sudden voltage changes. Examples of such circuits include
RLC circuits and oscillators, which exhibit forced oscillation when subjected to
external signals. Maple can be used to model and analyze the behavior of these
circuits under different input conditions, allowing engineers to design more efficient
and reliable circuits.

For instance, a Maple-based model of a simple RLC circuit subjected to a
sinusoidal input signal can be formulated using the following equation:

LS + RS 421 = V sin(wi) (2)

where L is the inductance of the circuit, R is the resistance of the circuit, ¢ is the
capacitance of the circuit, i(t) is the current in the circuit at time ¢, v is the amplitude
of the input signal, w is the frequency of the input signal, and 4*i/dt? is the second
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derivative of i(t) with respect to time. The solution of this equation can be obtained
using Maple's circuit analysis tools, and the results can be visualized using Maple's
plotting tools.

RESULTS

Mechanical Systems:

In mechanical systems, forced oscillation can arise due to external forces like
wind, earthquakes, or traffic vibrations. These forces can cause structures like bridges
and buildings to oscillate around their equilibrium positions, which can lead to
damage or failure of the structure. Maple can be used to model and simulate the
behavior of such systems under different loading conditions, allowing engineers to
design more efficient and robust structures.

Example 1: Mass-spring system subjected to an external force

Consider a simple mass-spring system subjected to an external force. The
equation of motion for this system is given by (1).

To model and simulate the behavior of this system in Maple, we can define the
parameters and the equation of motion using the dsolve command. We can then plot
the resulting displacement of the object over time using the plot command.

restart;

m:=1; # mass of object

k :=2; #spring constant

F:=1; #amplitude of external force

omega :=2; # frequency of external force

egn := m*diff(x(t), t$2) + k*x(t) = F*cos(omega*t);

sol := dsolve(eqn, x(t));

sol := evalf(sol, 3); # Evaluate numerical values

plot(sol, t =0 .. 10, title = "Displacement of the object over time",

xlabel = "Time (s)", ylabel = "Displacement (m)");

This code will solve the equation of motion for the mass-spring system and plot
the resulting displacement of the object over time. The resulting plot will show the
object oscillating around its equilibrium position with a frequency of .

Electrical Circuits:

In electrical circuits, forced oscillation can arise due to external signals like
sinusoidal input signals or sudden voltage changes. Examples of such circuits include
RLC circuits and oscillators, which exhibit forced oscillation when subjected to
external signals. Maple can be used to model and analyze the behavior of these
circuits under different input conditions, allowing engineers to design more efficient
and reliable circuits.
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Example 2: RLC circuit subjected to a sinusoidal input signal

Consider a simple RLC circuit subjected to a sinusoidal input signal. The
equation of motion for this circuit is given by (2).

To model and simulate the behavior of this circuit in Maple, we can define the
parameters and the equation of motion using the dsolve command. We can then plot
the resulting current in the circuit over time using the plot command.

restart;

L :=1; # inductance of the circuit

R :=2; # resistance

C :=0.5; # capacitance of the circuit

V :=5; # amplitude of input signal

omega := 1; # frequency of input signal

eqn := Ldiff(i(t), t$2) + Rdiff(i(t), t) + 1/Ci(t) = Vsin(omega*t);

sol := dsolve(eqn, i(t));

sol := evalf(sol, 3); # Evaluate numerical values

plot(sol, t =0 .. 10, title = "Current in the RLC circuit over time",

xlabel = "Time (s)", ylabel = "Current (A)");
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