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Abstract: The damped harmonics oscillator problems have been solved numerically using classical Runge-Kutta method.The 

differential equations are solved in a Free Open Source Software (FOSS) GNumeric, a simple worksheet environment. The requisite 

algorithm is implemented in another FOSS python. Initial values for the simulation were taken from model parameters given in the 

book on C for Computer Simulation in Physics by R. C. Verma and Setul Verma, which were then optimized to obtain the best 

convergence for the particular problems. 
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1. Introduction 
 

Every physics student studies classical mechanics and learns 

the analytical solutions of simple problems. But many 

interesting problems are difficult to solve analytically. Such 

problems can be solved using numerical techniques. The 

understanding of the theoritical model which is employed for 

solving the problems is the first step to any laboratory 

experiment, simulation or virtual experiment. In classical 

mechanics, a solution to a typical problem involves solving 

the equations of motion that could be obtained using 

Newton's second law or the Lagrangian approach [1]. This 

can be done by solving an initial value problem which is a 

second order differential equation for which initial position 

and initial velocity are given. In most cases, analytical 

techniques are available and we obtain the trajectory of the 

system with the capability to predict the position of the 

particle in the system at some future time, as the solution 

gives us r as r(t). Occasionally, we come across some cases 

for which the analytical solution is not available or is not 

easy to obtain, we approach the numerical techniques like 

Euler or Runge-Kutta methods [2] to solve the problem, 

which involve writing code in a programming language like 

python. In this paper, the numerical solutions of damped 

harmonic oscillator problem are obtained using Classical 

Runge-Kutta method and the the simulation has been done 

with GNumeric Spreadsheets, and python programming 

 

2. Methodology 
 

In GNuermic environment, the data can be accessed and 

manipulated using python programming. Since, both python 

and Gnumeric are free softwares, the source codes in 

GNumeric can be directly extended to the functions in 

python programming. Python offers a high-level abstraction 

through which to interact with the spreadsheet. Python 

and Gnumeric can be used in several ways (3). This paper 

describes how to implement GNumeric worksheet 

simulations to the Damped Harmonic Oscillator and python 

codes. The problem has been solved numerically using 

Classical Runge-Kutta method in this work.  

The approach to modelling and simulation can be broadly 

divided into four steps: 

 Modelling the Damped Harmonic problem. 

 Implementation of the numerical method in a computer. 

 Simulation of system by using FOSS. 

 

The first step is elucidated by their application to the present 

study below. While the second and third steps are discussed 

under Results and Discussion.  

 

2.1 Modelling of Damped Harmonic Oscillator 

 

An ideal simple harmonic oscillator experiencing no 

dissipative force is difficult to encounter in the real world. 

The dissipative forces are always present which reduces the 

amplitude of the oscillationswith each cycl, dies our after 

some time, unless energy is supplied to sustain it. This is 

called damping, which is generally velocity dependent. 

Taking the force to be directly proportional to the velocity, 

the equation of motion for the damped oscillator becomes 

 

𝑚
𝑑2𝑥

𝑑𝑡2
= −𝑘𝑥 − 𝑐

𝑑𝑥

𝑑𝑡
− − − − − −(1) 

 

Where c demotes the damping coeficient and k denotes the 

force constamt. There are three different situations to the 

damped oscillator:  Under damped (
𝑐2

4𝑚2 <
𝑘

𝑚
), Over damped 

(
𝑐2

4𝑚2 >
𝑘

𝑚
), Critically damped (

𝑐2

4𝑚2 =
𝑘

𝑚
) (4). Here the 

Classical Runge-Kutta method has been used for solving the 

differntial equation. It is considered that a mass m of 1.25 kg 

is attahced to a spring of force constant k=5 N/m is 

oscillating in a medium with damping coefficient c=0.2. The 

initial state of motion for the current situation is given by 

x(0)=0 m, v(0)=1.5 m/s. The time step is h= 0.05 s for the  

under damped oscillator and by changing the parameters, one 

can obtain the position and velocity of the oscillator in the 

three different cases.  
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3. Results and Discussion 
 

3.1 Implementation of the numerical method in a 

computer: 

 

Equation (1) is a II order Ordinary differential eqution. It can 

be resolved in to two first ordr ODEs as 

 

Let  
𝑑𝑥

𝑑𝑡
= 𝑣 − − − − −                                                               2  

𝑑𝑣

𝑑𝑡
=

−𝑘

𝑚
𝑥 −

𝑐

𝑚
𝑣 − − − − −                                                   3  

 

The classical Runge-Kutta method for the above two 

equations is given by 

𝑥𝑖+1 = 𝑥𝑖 +
ℎ

6
[𝑘11 + 2 𝑘12 + 𝑘13 + 𝑘14] 

𝑣𝑖+1 = 𝑣𝑖 +
ℎ

6
[𝑘21 + 2 𝑘22 + 𝑘23 + 𝑘24] 

Here  
𝑘11 , 𝑘12 , 𝑘13𝑘14,𝑘21,𝑘22,𝑘23 , 𝑘24  are constants to be 

calculated using GNumeric worksheets and Python codes. 

 

3.2 Simulation of system 

 

The damped harmonic oscillator problem after solving 

numerically using Runge-kutta method, was simulated with 

two FOSS. The constants were calculated using the 

GNumeric method and also python codes 

 

3.2.1 Visualizing the position and velocity of Damped 

Harmoic Oscillator using GNumeric spreadsheets 

The system parameters were chosen as force constant k=5 

N/m, mass of the spring, m= 1.25000 kg, the initial position 

of the spring at the initial time t=0 was taken as 0 m/s and 

initial velocity as 1.5 m/s. The damping coefficient of the 

medium was considered as c=0.2 and the angular frequency 

was calculated as k/m. The system paramters were c Runge-

Kutta fourth order method is a powerful numerical tool to 

solve ordinary differential equations numerically. The 

system parameters chosen for system are shown in Fig.1. 

After calculating the constants and substituting in the R-K 

formulae for the position and velocity, the value obtained at 

different times are given Fig.2. The graphs between posiiton 

and time and velocity and time resembled the expected graph 

which is shown in Fig.3 to visualize the position, velocity of 

the system at different times. This is most impressive when 

displayed by computer animation as the system oscillates by 

varying aplitudes.  

 

 
Figure 1: The system paramters to implement R-K Method 

 

 

 
Figure 2: The calculated values of the constants 
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Figure 3: Plots obtained from calcuated values using GNuemeric worksheets 

 

3.2.2 Python Simulation 

Python is an interpreted, interactive, object-oriented high-

level language. Its syntax resembles pseudo-code, especially 

because of the fact that indentation is used to indentify 

blocks. Python is a dynamcally typed language, and does not 

require variables to be declared before they are used. 

Variables “appear” when they are first used and “disappear” 

when they are no longer needed. Python is a scripting 

language like Tcl and Perl. Because of its interpreted nature, 

it is also often compared to Java. Unlike Java, Python does 

not require all instructions to reside inside classes. Python is 

also a multi-platform language, since the Python interpreter 

is available for a large number of standard operating 

systems, including MacOS, UNIX, and Microsoft Windows. 

Python interpreters are usually written in C, and thus can be 

ported to almost any platform which has a C compiler. To 

make the understanding more clear, the python codes, have 

been written  using different modules available, for the 

damped oscillator with different conditions and visualized 

the position, velocity and amplitude of the system at 

different times. The plots are shown in Fig .4 which 

resemble the behavoiur of the damped oscillator. 

 

 

 
Figure 4: Plots obtained from python code 

4. Conclusion 
 

The numerical methods have been implanted to the damped 

harmonic oscillator to enhance the understanding of the 

students. By visualizing different damping conditions, one 

can understand that in over damped and critical damped 

conditions, the system will return to the equilibrium position 

most quickly. In conclusion, it is proposed that in an 

introductory mechanics course, numerical solutions can be 

shown either by computer animation or in graphs like 

figures showed in this paper.  
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