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Abstract 
The objective of this article is to graphically illustrate to the students the physical phenomenon of motion of charged 
particle under the action of simultaneous electric and magnetic fields by simulating particle motion on a computer. 
Differential equations of motions are solved analytically and path of particle in three-dimensional space are obtained 
using interactive spreadsheet. Spreadsheets can be setup to solve numerical solutions of complex systems. This will 
make the concept, which so far is left to the abstract imagination come alive for the student, and initiate a deeper 
understanding of particle motion.   
Keywords: Physics Education, electromagnetic fields, spreadsheets, simulation. 
 
Introduction  

In recent years, physics educators have started to look more closely at what their students 
understand about physics concepts. A primary goal of physics education research is to identify 
difficulties in learning physics through traditional methods and to develop new instructional 
modes for effective learning (McDermott, 2001). One of the best instructional modes allowing 
for the development of individual experience is computer simulations. Computer simulations can 
be the best mode, when the tactile, kinesthetic experience of real objects is impracticable (Arons, 
1987). Computer simulations are also useful for providing more extended practice in thinking 
about a wide variety of examples. It is capable of supplying continual feedback regarding error 
and correctness and reinforcing the hands on observations when latter have carried out. For 
proper understanding of physics concepts to the students, teachers can use computer simulations. 
Teacher should develop computer simulations of physics problems so that it becomes easier for 
students to understand the phenomena.        
 Spreadsheets can be a powerful tool in physics teaching-learning. From data analysis and 
graphing to animation and simulations, Microsoft Excel  is a very versatile program for the 
teachers and students. The advantage of using a spreadsheet in teaching-learning process is that 
the programming is streamlined and less time is needed to enter the necessary code. The strong 
features of spreadsheet are their cell based structure and the simple interface that is easy to use 
for new users also. The power and simplicity of a spreadsheet is that the data manipulations are 
held in front of the user in a very direct and accessible manner.  In addition, the spreadsheet 
program itself provides for screen graphics, charts, and easy-data manipulation using large 
number of functions, on-screen numerical and visual feedback, and fast calculations (Wagner, 

 
 

60 
 

Quantum-Classical Connection for Hydrogen Atom-like Systems 
 

 
Debapriyo Syam1 and Arup Roy2 

                         1Department of Physics, Barasat Government College, 10 KNC 
Road, Barasat, Kolkata - 700124, India 

E-mail: syam.debapriyo@gmail.com 
2Department of Physics, Scottish Church College 

Urquhart Square, Kolkata – 700006, India 
E-mail: aryscottish@gmail.com 

 
 
 

 
Abstract 

The Bohr-Sommerfeld quantum theory specifies the rules of quantization for circular and elliptical orbits for a one-
electron hydrogen atom–like system. This article illustrates how a formula connecting the principal quantum number 
‘n’ and the length of the major axis of an elliptical orbit may be arrived at starting from the quantum mechanical 
description and how in the limit when ‘n’ is large one gets the expected classical result. 
Keywords: Quantum, hydrogen atom, quantum mechanics, one-electron atoms, classical mechanics 
 
Introduction       
                           
According to the non-relativistic version of quantum mechanics, the energy of the electron in a 
hydrogen-like atom depends only on the principal quantum number n (apart from the atomic 
number Z of the nucleus.) Again, in non-relativistic classical mechanics, the energy of such a 
particle, which describes an elliptical path that keeps the nucleus at one focus, depends only on 
the size (2a) of the major axis. As one expects to recover the classical result in the large n limit 
of quantum mechanics (‘the correspondence principle’), there ought to be a connection between 
n and 2a. This connection will be examined in this article. We begin by recalling the salient 
features of the two approaches: 
The classical orbits under inverse-square type force (‘Keplerian orbits’): 
The following quantities remain conserved (Rana and Joag, 1991; Synge and Griffith, 1959):  
                           1.  Energy, which depends only on the size of the major axis: 
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                           2. Angular momentum vector; 
                           3. Runge-Lenz vector, which gives the direction of the major axis. 
 
Hydrogen-like atom in quantum mechanics (Ghatak and Lokanathan, 1984): 
The wave function (ignoring spin) of the system : 
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Abstract 
Energy eigenvalues for a non-relativistic particle in a linear potential well are available. In this paper we obtain the 
eigenenergies for a relativistic spin less particle in a similar potential using an extension of the well-known WKB 
method treating the potential as the time component of a four-vector potential. Since genuine bound states do not 
exist for positive rising potentials, our calculations are valid only for fairly low-lying levels. The transcendental 
eigenvalue equation that is obtained is solved using Mathematica software to get eigenenergies. Our results are 
compared with those for the non-relativistic case. The results may find applications besides having conceptual 
significance. 
Keywords:  Semi-classical theories and applications, Bound states, Relativistic wave equations 
PACS: 03.65.Sq; 03.65.Ge; 03.65.Pm

Introduction 
 
The W.K.B method that was independently proposed by G. Wentzel, H. A.Kramers and L. 
Brillouin is a semi classical approximation method, which is extensively used in quantum theory 
to obtain bound states in slowly varying potentials (Bransden and Joachain, 2004). It can only be 
applied to one-dimensional problems and for three-dimensional problems that are reducible to 
one dimension. W.K.B technique involves power series expansion of the wave function in terms 
of reduced Planck's constant! . Smooth matching of the wave function is done at the points 
where kinetic energy of the particle becomes equal to potential energy. This leads to the 
quantization condition from which approximate eigenenergies could be determined for ground 
and excited states (Shankar, 2010). Several researchers have used this method to obtain bound 
states in a slowly varying potentials (Trost & Friedrich, 1997). Kagali et.al. used a new approach 
to calculate bound states using space integration method (Kagali et.al., 1997). The WKB 
treatment to relativistic wave equations is not familiar. In relativistic quantum theory, for many 
problems of physical interest exact solutions are not available even in one dimension. Therefore 
it is highly important to investigate and apply the methods of approximation, which readily 
works in non-relativistic cases. It is found that the extension of well known non-relativistic 
approximations might be possible if the relativistic wave equations are reduced to Schrödinger 
like form. In this article we discus relativistic approach to WKB method and we apply the same 
to obtain eigenenergies of a spin less particle in an infinite range linear potential. 
 
WKB Method for Relativistic Bound States 
 
It is of great practical importance to extend approximate methods to relativistic problems, since 
a very few eigenvalue problems could be solved exactly in relativistic quantum theory. In this 
section we extend WKB method to obtain bound states of relativistic spin zero particles. We 
follow the formal method of non-relativistic quantum mechanics to choose a simple well-shaped 
effective potential with two classical turning points 1x  and 2x  as shown in figure 1. It is shown 
that WKB approximation could be used in the regions for which ffeE  is greater or less than ffeV , 
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Abstract 
This study describes the possibility and advantages of utilizing simple computer codes to complement the teaching 
techniques for high school physics. The authors have begun working on a collection of open source programs which 
allow students to compare the results and graphics from classroom exercises with the correct solutions and further 
more to be able to easily interact with the source code in order to modify and create their own software. We believe 
that teaching and learning physics needs to benefit from the modern developments in computer sciences, thus 
creating a connection between textbook exercises and the use of computers is desirable. The personal experience of 
the authors suggests that solving a physics problem with the aid of a computer leads to a better understanding of the 
physical properties of the systems involved in the exercise. 
Keywords: physics exercise, software, instructional techniques, high school physics 
 
Introduction 
 
Modern teaching-learning-assessment methods offer a beneficial opportunity of organizing a 
thorough teaching, based on interactive-engagement strategy. The systematic use of modern 
methods involves effective communication and constructive relationships, in which all who take 
part in discussions obtain cognitive, affective-motivational, attitudinal, social and practical 
application benefits. 
 The use of modern methods does not mean giving up traditional teaching system, but 
updating it. At the end of modern teaching-learning activities, school assessment results are 
concerned not only with the students’ acquisitions in the cognitive domain, knowledge, skills, 
abilities, but also with the full spectrum of behaviors that contribute to student personality 
development: effective and psychomotor behavior, some extra-educational outcomes, some with 
direct influence on school results, and self-assessment skills. The teaching act, that focuses on 
meeting students’ needs and interests, is based on the game theory. The educational process 
should arouse interest for the satisfaction of needs and should trigger reactions directed towards 
the goal. 
 Romanian teachers agree that science is open to new suggestions and ideas in the context 
in which education must respond to national and international social realities. The Romanian 
Educational System, considered a national priority, has undergone an intense reformation 
process, so that education should adapt to a democratic society and market economy. The teacher, 
freed from the coercive dictum MAGISTER DIXIT, should become the professional who knows 
how to use tools and material basis. 
 Modern developments in computer languages and computer hardware have enabled the 
use of programs, codes and libraries with minimal programming skills. It is now possible to 
easily create, distribute and modify source codes by educators and students for solving or 
illustrating textbook exercises of high school physics. The computer simulations proposed in this 
article are intended to complement the laboratory experiments and classroom exercises, in order 
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Educational System, considered a national priority, has undergone an intense reformation 
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freed from the coercive dictum MAGISTER DIXIT, should become the professional who knows 
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easily create, distribute and modify source codes by educators and students for solving or 
illustrating textbook exercises of high school physics. The computer simulations proposed in this 
article are intended to complement the laboratory experiments and classroom exercises, in order 
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to verify, confirm and clarify the acquired results. We will focus on a single program developed 
for the mechanics lessons, which solves and represents graphically the equations for the free fall 
of a body in vacuum (1). The physical quantities involved in this simple exercise are mass, 
length, time, speed, momentum and energy. A very easy and convenient way to program the 
equations which link these quantities was to write them in a friendly language for mathematical 
expressions such as Fortran (GNU Fortran project, 2011), allowing students to access the 
formulas in their natural expressions. The purpose is allowing students to see, understand and 
modify these expressions without difficulty. For the same reason, the graphics part is achieved 
through the use of Grace (Grace, 2008), which utilizes simple expressions and commands, 
accessible from the source code. 
 
Description of the program 
In order to develop a simple program suitable for students and teachers, a list of possibilities was 
taken into account. All the software needed and related to this project had to be freeware and 
open source, the program needed to be easy to use, modify and compile, the hardware 
requirements had to be as low as possible and it needed to be usable on any operating system. To 
comply with these intended requirements the choice for the programming language was 
FORTRAN using the GNU complier, the graphics port is through the library of GRACE, known 
also as XMGRACE and all these are available for Linux, Unix, Mac OS and Windows. When 
compiling in Windows using the GRACE library it is needed to have an X server (XFree86 
project, 2011;X-org) running and it is best if compiled and run under Cygwin (Cygwin project, 
2011). 
 
Input 
The program requires the user to enter four input values for the parameters describing mass, 
height, gravitational constant and the number of data points for the graphical representation of the 
instantaneous values. The units are relative and the student must keep in mind the scale used in 
order to accurately interpret the results. 
 
Output 
The default output results are the values for the final velocity, total time, average velocity, initial 
potential energy, final kinetic energy, and graphic which represents the instantaneous kinetic and 
the potential energies as a function of elapsed time. This selection of output values demonstrates 
the student the conservation of energy and the fact that in vacuum speed and total time are 
independent of mass. It is possible to choose any other output values and plots, such as 
momentum, instantaneous speed, ratios of energies or any other desired initial, final of 
instantaneous value. 
 
Usage 
After entering the input values, the initial and the final parameters are computed. The number of 
requested data points generates the discretization of the time variable necessary for the 
instantaneous values. Because iterations are involved, the expressions for the kinetic and the 
potential energies are declared as functions and invoked whenever required via their input 
parameters. During the iterative loop, the instantaneous velocity is computed, the distance 
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The Bohr-Sommerfeld quantum theory specifies the rules of quantization for circular and elliptical orbits for a one-
electron hydrogen atom–like system. This article illustrates how a formula connecting the principal quantum number 
‘n’ and the length of the major axis of an elliptical orbit may be arrived at starting from the quantum mechanical 
description and how in the limit when ‘n’ is large one gets the expected classical result. 
Keywords: Quantum, hydrogen atom, quantum mechanics, one-electron atoms, classical mechanics 
 
Introduction       
                           
According to the non-relativistic version of quantum mechanics, the energy of the electron in a 
hydrogen-like atom depends only on the principal quantum number n (apart from the atomic 
number Z of the nucleus.) Again, in non-relativistic classical mechanics, the energy of such a 
particle, which describes an elliptical path that keeps the nucleus at one focus, depends only on 
the size (2a) of the major axis. As one expects to recover the classical result in the large n limit 
of quantum mechanics (‘the correspondence principle’), there ought to be a connection between 
n and 2a. This connection will be examined in this article. We begin by recalling the salient 
features of the two approaches: 
The classical orbits under inverse-square type force (‘Keplerian orbits’): 
The following quantities remain conserved (Rana and Joag, 1991; Synge and Griffith, 1959):  
                           1.  Energy, which depends only on the size of the major axis: 
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                           2. Angular momentum vector; 
                           3. Runge-Lenz vector, which gives the direction of the major axis. 
 
Hydrogen-like atom in quantum mechanics (Ghatak and Lokanathan, 1984): 
The wave function (ignoring spin) of the system : 
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Abstract 
Energy eigenvalues for a non-relativistic particle in a linear potential well are available. In this paper we obtain the 
eigenenergies for a relativistic spin less particle in a similar potential using an extension of the well-known WKB 
method treating the potential as the time component of a four-vector potential. Since genuine bound states do not 
exist for positive rising potentials, our calculations are valid only for fairly low-lying levels. The transcendental 
eigenvalue equation that is obtained is solved using Mathematica software to get eigenenergies. Our results are 
compared with those for the non-relativistic case. The results may find applications besides having conceptual 
significance. 
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Introduction 
 
The W.K.B method that was independently proposed by G. Wentzel, H. A.Kramers and L. 
Brillouin is a semi classical approximation method, which is extensively used in quantum theory 
to obtain bound states in slowly varying potentials (Bransden and Joachain, 2004). It can only be 
applied to one-dimensional problems and for three-dimensional problems that are reducible to 
one dimension. W.K.B technique involves power series expansion of the wave function in terms 
of reduced Planck's constant! . Smooth matching of the wave function is done at the points 
where kinetic energy of the particle becomes equal to potential energy. This leads to the 
quantization condition from which approximate eigenenergies could be determined for ground 
and excited states (Shankar, 2010). Several researchers have used this method to obtain bound 
states in a slowly varying potentials (Trost & Friedrich, 1997). Kagali et.al. used a new approach 
to calculate bound states using space integration method (Kagali et.al., 1997). The WKB 
treatment to relativistic wave equations is not familiar. In relativistic quantum theory, for many 
problems of physical interest exact solutions are not available even in one dimension. Therefore 
it is highly important to investigate and apply the methods of approximation, which readily 
works in non-relativistic cases. It is found that the extension of well known non-relativistic 
approximations might be possible if the relativistic wave equations are reduced to Schrödinger 
like form. In this article we discus relativistic approach to WKB method and we apply the same 
to obtain eigenenergies of a spin less particle in an infinite range linear potential. 
 
WKB Method for Relativistic Bound States 
 
It is of great practical importance to extend approximate methods to relativistic problems, since 
a very few eigenvalue problems could be solved exactly in relativistic quantum theory. In this 
section we extend WKB method to obtain bound states of relativistic spin zero particles. We 
follow the formal method of non-relativistic quantum mechanics to choose a simple well-shaped 
effective potential with two classical turning points 1x  and 2x  as shown in figure 1. It is shown 
that WKB approximation could be used in the regions for which ffeE  is greater or less than ffeV , 
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Abstract 
This study describes the possibility and advantages of utilizing simple computer codes to complement the teaching 
techniques for high school physics. The authors have begun working on a collection of open source programs which 
allow students to compare the results and graphics from classroom exercises with the correct solutions and further 
more to be able to easily interact with the source code in order to modify and create their own software. We believe 
that teaching and learning physics needs to benefit from the modern developments in computer sciences, thus 
creating a connection between textbook exercises and the use of computers is desirable. The personal experience of 
the authors suggests that solving a physics problem with the aid of a computer leads to a better understanding of the 
physical properties of the systems involved in the exercise. 
Keywords: physics exercise, software, instructional techniques, high school physics 
 
Introduction 
 
Modern teaching-learning-assessment methods offer a beneficial opportunity of organizing a 
thorough teaching, based on interactive-engagement strategy. The systematic use of modern 
methods involves effective communication and constructive relationships, in which all who take 
part in discussions obtain cognitive, affective-motivational, attitudinal, social and practical 
application benefits. 
 The use of modern methods does not mean giving up traditional teaching system, but 
updating it. At the end of modern teaching-learning activities, school assessment results are 
concerned not only with the students’ acquisitions in the cognitive domain, knowledge, skills, 
abilities, but also with the full spectrum of behaviors that contribute to student personality 
development: effective and psychomotor behavior, some extra-educational outcomes, some with 
direct influence on school results, and self-assessment skills. The teaching act, that focuses on 
meeting students’ needs and interests, is based on the game theory. The educational process 
should arouse interest for the satisfaction of needs and should trigger reactions directed towards 
the goal. 
 Romanian teachers agree that science is open to new suggestions and ideas in the context 
in which education must respond to national and international social realities. The Romanian 
Educational System, considered a national priority, has undergone an intense reformation 
process, so that education should adapt to a democratic society and market economy. The teacher, 
freed from the coercive dictum MAGISTER DIXIT, should become the professional who knows 
how to use tools and material basis. 
 Modern developments in computer languages and computer hardware have enabled the 
use of programs, codes and libraries with minimal programming skills. It is now possible to 
easily create, distribute and modify source codes by educators and students for solving or 
illustrating textbook exercises of high school physics. The computer simulations proposed in this 
article are intended to complement the laboratory experiments and classroom exercises, in order 
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traveled, the current height and these values enter the general expressions for the kinetic and the 
potential energies. 
 For an easy use of the source code in this package and the extensions, which will follow, 
the project is developed in modules containing callable functions for all the physical expressions. 
For example we create a function “Potential energy”, another function “Kinetic energy”, a 
function for “Momentum”, such that these functions can be used in more complicated 
expressions and invoked at any time with their set of variables (mass, speed, height, gravitational 
constant). Further development will add more expressions and thus more capabilities to the 
project. Although the idea itself is not new and such computer programs have been made before, 
we believe that designing and developing this project brings benefits into the physics lessons. The 
fact that everything is as simple as possible for the student and for the teacher brings versatility to 
the software package and enables further development and expansion beyond what is initially 
provided. I may very well serve as a starting point for other projects of physics and mathematics 
which fit this idea of calling simpler expressions into more complicated formulas. Another 
interesting aspect observed from personal experience, is that presenting physics with more than 
one method leads to an easier understanding. Some students spend more time using computers 
and are attracted to programming and algorithms; allowing them to interact with the source code 
opens new possibilities for their curiosity in science. The whole philosophy behind the project is 
not teach programming or IT related subjects, but rather make use of what the students already 
know and to attract them towards physics by offering them a new perspective over the classroom 
exercises and experiments, after the textbook lesson was taught. The simple instructions, needed 
to compile the programs and how to run it, are included in the package distributed. 
An example 
The following figures show the use of the program with a set of input parameters and the 
obtained results. 
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Abstract 
The objective of this article is to graphically illustrate to the students the physical phenomenon of motion of charged 
particle under the action of simultaneous electric and magnetic fields by simulating particle motion on a computer. 
Differential equations of motions are solved analytically and path of particle in three-dimensional space are obtained 
using interactive spreadsheet. Spreadsheets can be setup to solve numerical solutions of complex systems. This will 
make the concept, which so far is left to the abstract imagination come alive for the student, and initiate a deeper 
understanding of particle motion.   
Keywords: Physics Education, electromagnetic fields, spreadsheets, simulation. 
 
Introduction  

In recent years, physics educators have started to look more closely at what their students 
understand about physics concepts. A primary goal of physics education research is to identify 
difficulties in learning physics through traditional methods and to develop new instructional 
modes for effective learning (McDermott, 2001). One of the best instructional modes allowing 
for the development of individual experience is computer simulations. Computer simulations can 
be the best mode, when the tactile, kinesthetic experience of real objects is impracticable (Arons, 
1987). Computer simulations are also useful for providing more extended practice in thinking 
about a wide variety of examples. It is capable of supplying continual feedback regarding error 
and correctness and reinforcing the hands on observations when latter have carried out. For 
proper understanding of physics concepts to the students, teachers can use computer simulations. 
Teacher should develop computer simulations of physics problems so that it becomes easier for 
students to understand the phenomena.        
 Spreadsheets can be a powerful tool in physics teaching-learning. From data analysis and 
graphing to animation and simulations, Microsoft Excel  is a very versatile program for the 
teachers and students. The advantage of using a spreadsheet in teaching-learning process is that 
the programming is streamlined and less time is needed to enter the necessary code. The strong 
features of spreadsheet are their cell based structure and the simple interface that is easy to use 
for new users also. The power and simplicity of a spreadsheet is that the data manipulations are 
held in front of the user in a very direct and accessible manner.  In addition, the spreadsheet 
program itself provides for screen graphics, charts, and easy-data manipulation using large 
number of functions, on-screen numerical and visual feedback, and fast calculations (Wagner, 
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Abstract 

The Bohr-Sommerfeld quantum theory specifies the rules of quantization for circular and elliptical orbits for a one-
electron hydrogen atom–like system. This article illustrates how a formula connecting the principal quantum number 
‘n’ and the length of the major axis of an elliptical orbit may be arrived at starting from the quantum mechanical 
description and how in the limit when ‘n’ is large one gets the expected classical result. 
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Introduction       
                           
According to the non-relativistic version of quantum mechanics, the energy of the electron in a 
hydrogen-like atom depends only on the principal quantum number n (apart from the atomic 
number Z of the nucleus.) Again, in non-relativistic classical mechanics, the energy of such a 
particle, which describes an elliptical path that keeps the nucleus at one focus, depends only on 
the size (2a) of the major axis. As one expects to recover the classical result in the large n limit 
of quantum mechanics (‘the correspondence principle’), there ought to be a connection between 
n and 2a. This connection will be examined in this article. We begin by recalling the salient 
features of the two approaches: 
The classical orbits under inverse-square type force (‘Keplerian orbits’): 
The following quantities remain conserved (Rana and Joag, 1991; Synge and Griffith, 1959):  
                           1.  Energy, which depends only on the size of the major axis: 
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                           2. Angular momentum vector; 
                           3. Runge-Lenz vector, which gives the direction of the major axis. 
 
Hydrogen-like atom in quantum mechanics (Ghatak and Lokanathan, 1984): 
The wave function (ignoring spin) of the system : 
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Introduction 
 
The W.K.B method that was independently proposed by G. Wentzel, H. A.Kramers and L. 
Brillouin is a semi classical approximation method, which is extensively used in quantum theory 
to obtain bound states in slowly varying potentials (Bransden and Joachain, 2004). It can only be 
applied to one-dimensional problems and for three-dimensional problems that are reducible to 
one dimension. W.K.B technique involves power series expansion of the wave function in terms 
of reduced Planck's constant! . Smooth matching of the wave function is done at the points 
where kinetic energy of the particle becomes equal to potential energy. This leads to the 
quantization condition from which approximate eigenenergies could be determined for ground 
and excited states (Shankar, 2010). Several researchers have used this method to obtain bound 
states in a slowly varying potentials (Trost & Friedrich, 1997). Kagali et.al. used a new approach 
to calculate bound states using space integration method (Kagali et.al., 1997). The WKB 
treatment to relativistic wave equations is not familiar. In relativistic quantum theory, for many 
problems of physical interest exact solutions are not available even in one dimension. Therefore 
it is highly important to investigate and apply the methods of approximation, which readily 
works in non-relativistic cases. It is found that the extension of well known non-relativistic 
approximations might be possible if the relativistic wave equations are reduced to Schrödinger 
like form. In this article we discus relativistic approach to WKB method and we apply the same 
to obtain eigenenergies of a spin less particle in an infinite range linear potential. 
 
WKB Method for Relativistic Bound States 
 
It is of great practical importance to extend approximate methods to relativistic problems, since 
a very few eigenvalue problems could be solved exactly in relativistic quantum theory. In this 
section we extend WKB method to obtain bound states of relativistic spin zero particles. We 
follow the formal method of non-relativistic quantum mechanics to choose a simple well-shaped 
effective potential with two classical turning points 1x  and 2x  as shown in figure 1. It is shown 
that WKB approximation could be used in the regions for which ffeE  is greater or less than ffeV , 
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Introduction 
 
Modern teaching-learning-assessment methods offer a beneficial opportunity of organizing a 
thorough teaching, based on interactive-engagement strategy. The systematic use of modern 
methods involves effective communication and constructive relationships, in which all who take 
part in discussions obtain cognitive, affective-motivational, attitudinal, social and practical 
application benefits. 
 The use of modern methods does not mean giving up traditional teaching system, but 
updating it. At the end of modern teaching-learning activities, school assessment results are 
concerned not only with the students’ acquisitions in the cognitive domain, knowledge, skills, 
abilities, but also with the full spectrum of behaviors that contribute to student personality 
development: effective and psychomotor behavior, some extra-educational outcomes, some with 
direct influence on school results, and self-assessment skills. The teaching act, that focuses on 
meeting students’ needs and interests, is based on the game theory. The educational process 
should arouse interest for the satisfaction of needs and should trigger reactions directed towards 
the goal. 
 Romanian teachers agree that science is open to new suggestions and ideas in the context 
in which education must respond to national and international social realities. The Romanian 
Educational System, considered a national priority, has undergone an intense reformation 
process, so that education should adapt to a democratic society and market economy. The teacher, 
freed from the coercive dictum MAGISTER DIXIT, should become the professional who knows 
how to use tools and material basis. 
 Modern developments in computer languages and computer hardware have enabled the 
use of programs, codes and libraries with minimal programming skills. It is now possible to 
easily create, distribute and modify source codes by educators and students for solving or 
illustrating textbook exercises of high school physics. The computer simulations proposed in this 
article are intended to complement the laboratory experiments and classroom exercises, in order 
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Figure 1. The input and the text output of the program 
 

 
Figure 2. The graphic output generated by the program with calls to the " libgrace_np" library []. 
 
Conclusions 
This package was intended to be simple and easy to develop further into more complex codes for 
problems beyond the one presented here. The fact that it is very modular allows users and 
developers to choose various bits and integrate them in their own ideas. The authors intend to 
expand the capabilities and design more functionality until all aspects of middle school and high 
school physics are covered. 
 We believe that it is fun to solve exercises and problems with the program presented here 
and the students benefit from it in various ways: they can check their results with the ones 
obtained on the computer, can change anything in the code to suit their needs and curiosity and 
most importantly, they get an additional perspective on how to solve physics related calculations. 
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