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Abstract 

Since today's students have a great interest in information and communication technologies (ICT), we 
must recognize that it contains a significant potential for development innovative approaches to learning 
and teaching. Organization of students’ learning activities using ICT and the problem-project method can 
significantly enhance the feasibility of additional forms of educational processes. The author use ICT to 
organize the IT students’ integrated problem-project activities to computer modelling of physical 
processes. Second-year IT students of the Technical University implement individual virtual projects. The 
problem-project method generates students’ interest to the process of creating program products and to 
models of physical processes and phenomena. This complex activity stimulates processes of learning and 
skills development for multiple subject areas such as physics, mathematics, and programming. Usually the 
IT students’ virtual projects are created using high-level languages C ++ or C#, and 3D editors. The 
students’ virtual projects ultimately are software products that can be used in the e-learning environment 
complementing existing traditional didactic means with virtual computer experiments. The programs 
make it possible to do virtual experiments, observe and analyse behaviours of simulated systems and 
features of physical processes. In this article some virtual labs designed by our second year IT students are 
demonstrated. Some of virtual labs have real prototypes in laboratories and some are unique. 
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1 Introduction  

Recent years we have seen a significant decrease of students’ 
interest in learning physics. And in contrast a clear shift of 
their interest to information and communication 
technologies (ICT) is a fairly obvious fact [1]. Of course 
students' experiences with ICT provide them computer 
thinking and increases their future chance for choice of 
specialty and career growth [1]. But declining interest in 
physics has far-reaching consequences. Physics is a unique 
academic discipline that allows learning to work with model 
representations of reality and learn the scientific method of 
cognition [2]. The study of physics provides a 
methodological basis for students’ future activities in the 
process of studying many other disciplines and lays the 
foundation for analytical thinking. Increasing of students’ 
interest in physics is an important task of modern education. 

Since today's students have a great interest in ICT, we 
must recognize that it contains a significant potential for 
developing innovative approaches to learning and teaching. 
The organization of students’ learning activities using 
various opportunities of ICT and the problem-project 
method can significantly enhance effectiveness of 
additional forms of the educational process.  

We use ICT to organize the students’ integrated 
problem-project activities to computer modelling of 
physical processes. The second-year IT students of the 
Technical University plan, design and carry out individual 
virtual projects. The problem-project method generates the 
students’ interest to the computer modelling of physical 
processes and to creation software products. This complex 
activity stimulates processes of learning and skills 

development for multiple subject areas such as physics, 
mathematics, and programming. Usually the IT students’ 
virtual projects are created using high-level languages C ++ 
or C #, open graphics library OpenGL and 3D editors. 

The IT students’ virtual projects ultimately are software 
products that can be used in the e-learning environment 
complementing existing traditional didactic means. The 
students’ programs make it possible to do virtual 
experiments, observe and analyze behaviors of simulated 
systems and features of physical processes. So, the IT 
students can be designers and creators of educational 
resources [3]. In this article some virtual labs designed by 
our IT students are demonstrated.  

2 Computer modelling as a means for motivation in 
teaching and learning  

Of course, the greatest effect is achieved in teaching and 
learning when students are directly motivated to study 
disciplines. But the indirect motivation can also play a 
significant role in transferring motives to organized training 
activities for the required discipline [4]. One of these 
motives that able to transfer students' interest to study 
physics is associated with a great popularity of ICT. 
Students' activities in the computer modelling of physical 
processes may be a contributing factor to the awakening of 
interest in physics and beyond.  

For the cognition of the world we have to use simplified 
mathematical models of real physical phenomena. We 
understand any physical phenomenon if we are able to build 
the adequate mathematical model. Sometimes, in the 
framework of the adopted model it is possible to obtain an 
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exact or approximate analytical solution of the problem. But 
for the most practical problems we use numerical methods. 

Numerical computations are finding their way into the 
curricula of more and more introductory physics courses [5-
11]. A model-based view of physics provides a framework 
within which the computational activities may be structured 
so as to present to students an authentic representation of 
physics as a science discipline [11]. The computer 
modelling is a multidisciplinary field of study that 
encourages students to understand physics along with the 
computer science and applied mathematics [8]. 

The computer modelling includes the development of a 
conceptual physical model, mathematical formalization, 
choice of adequate methods for solving equations, software 
implementation of the model with the creation an interactive 
interface and visualization of simulated systems and 
processes [11, 12]. Computer models allow us to carry out 
various numerical experiments, which are the basis of 
virtual labs that can be used in training with real labs [13-
15]. Modern students show a great interest both to virtual 
labs and to their designing.  

Many undergraduate IT students of the Novosibirsk 
State Technical University (NSTU) already know some 
programming languages including even high-level 
languages such as C ++ or C #. This allows us to attract our 
IT students to the learning activities of the computer 
modelling of physical processes and phenomena. 

3 Organization of the IT students’ problem-project 
activity to computer modelling  

What is the better way for organization of students' 
computer modelling activity?  

The modern society's dynamics demands to use new 
technologies practically in all spheres of the human 
existence. Education is not an exception to the general trend. 
The modern Universities’ graduates have to study the whole 
life, constantly adapting to new technologies and 
information flows. In the last decades the idea of switching 
from the paradigm of knowledge to the paradigm of activity 
is widespread. In this paradigm the main focus is shifting 
from the problem of mastering a particular knowledge 
toward the problem of development activities for extraction, 
processing and practical application of knowledge. The new 
paradigm has caused the emergence of new approaches and 
technologies for teaching and learning. The approach, 
known as Active Learning in Physics [16, 17], has been 
adopted in most developed countries in the physics 
education programs. Three methods of Active Learning are 
of the considerable interest in teaching and learning physics 
– the Research-Based Learning, the Problem Based 
Learning and the Project Based Learning. 

The author use combination of all the three technologies 
for organization of the IT students’ activity of the computer 
modelling of physical processes [14, 18, 19]. The students’ 
activity is organized in the form of projects. The second-
year IT students having programming skills design and 
perform virtual projects. All the students who express a 
desire to participate in the project activity are divided into 
groups of 2-4 people. The every group is given a problem 
for computer simulation. Some general requirements for the 
virtual projects are formulated and reported to the students. 

All the groups perform the projects independently. The 
teacher only plays the role of a consultant for the students. 

The process of the project activity requires decision a 
number of problems: 

1. Selection and mathematical formalization of a model 
of the physical process. 

2. Selection the methods for solving the model's 
equations (analytical or numerical). 

3. Development of the flowchart of the algorithm. 

4. Development of the Graphical user interface. 

5. Programming 

6. Virtual experiments. 

7. Analysis of the virtual experiments' results. 

8. Reflection. 

9. Reporting. 

10. Presentation. 

In the process of their project activity our IT students 
solve a number of problems related to different subject areas 
- physics, mathematics, programming, design. The students 
use their software products for testing virtual experiments to 
verify the computer model performance. 

One of the results of this activity is the software product 
- the virtual laboratory, making it possible to carry out 
interactive computer experiments. 

4 The IT students’ software products - virtual labs 

As characteristic examples we demonstrate some virtual 
labs designed by the second-year IT students of the Faculty 
of Applied Mathematics and Computer Science of the 
NSTU. Some of the virtual labs have the real prototypes in 
the NSTU physical laboratories and some students’ virtual 
labs are unique. The virtual labs are presented for different 
parts (not for all) of the introductory physics course of the 
Technical University.  

4.1 VIRTUAL LAB "OBERBECK PENDULUM" 

The Oberbeck pendulum is used for study the rotational 
laws of a rigid body. The Oberbeck pendulum is a cross-
piece consisting of four rods strengthened on a cylinder 
under direct angle to one another. The pendulum can rotate 
around its horizontal axis of symmetry. The inertia moment 
of the Oberbeck pendulum can be changed by moving its 
four identical weights along the rods. 

A force moment causing rotation of the pendulum is 
created by a tension of the thread that is winded on the sheave. 
The weight is attached to the free end of the thread. The 
moment of force can be changed by the weights of various 
mass or by changing the sheave of a different diameter. 

The students’ program simulates the Oberbeck pendulum 

rotation under the external force moment. The computer model 

is based on the dynamics laws of the mechanical motion. 

The main window of the virtual lab’s interface is shown 

on Figure 1. The Oberbeck pendulum 3D image is 

reproduced in the window. The interface allows changing 

the weights' position on the pendulum and the mass of the 

weight suspended on the thread. You can observe the 

pendulum’s rotation in real time.  



COMPUTER MODELLING & NEW TECHNOLOGIES 2017 21(3) 45-49 Baranov A V 

47 
MATHEMATICAL AND COMPUTER MODELLING 

 
FIGURE 1 Interface of the virtual lab "Oberbeck pendulum" 

Then you can measure the time and calculate a value of 
the moment of inertia. In addition this program simulates 
random measurement errors. 

There are similar real labs in the NSTU laboratories. 
Using of the virtual lab enables our students to carry out the 
tentative virtual experiments at their home computers before 
doing the real experiments in the laboratories. 

4.2 VIRTUAL LAB "OSCILLATIONS OF TWO 
COUPLED SPRING PENDULUMS"  

Usually an analysis of the natural oscillations of coupled 

oscillators is presented in the part “Vibrations and waves” 

of the physics course [20]. Students learn the important 

idea of the superposition of normal vibrations (normal 

modes). The simplest is to harmonic oscillations of 

pendulums with a frequency depending on their relative 

phases. When the oscillations are in phase the connecting 

spring is not deformed, and the vibration frequency 

coincides with the natural frequency of the individual 

pendulum. In the case of out of phase the connecting spring 

is deformed, and the oscillation frequency is greater than 

the natural frequency of a single pendulum. 

The normal oscillations occur in the system with the 

same initial deviations of the pendulums. If the initial 

deviations are of different size, the system beats are 

observed, representing a superposition of the two normal 

vibrations. During the beat a periodic transfer of energy 

from one pendulum to another and back is observed. The 

beat frequency is determined by the difference between the 

frequencies of the normal vibrations. 

The students’ program simulates oscillation of two 

coupled ideal spring pendulums. The computer model is 

based on the system of differential equations describing the 

joint motion of the spring pendulums without friction.  

The main window of the virtual lab’s interface is shown 

on Figure 2. The interface allows changing the ball's mass, the 

spring constant and the initial displacements of the pendulums. 

Depending on the initial displacements you can observe in 

real time the two normal modes or the beat phenomenon.  

 
FIGURE 2 Interface of the virtual lab "Oscillations of two coupled spring 

pendulums" 

The graphs of the pendulums’ displacements and 
velocities are in the additional window of the interface. The 
curves allow us to analyze the redistribution of energy 
between two coupled pendulums. 

This virtual lab has no real analogues in the laboratories 
of the NSTU. The students’ software product is used as a 
lecture demonstration and a virtual lab.  

4.3 VIRTUAL LAB "WAVES AT A BOUNDARY OF 
TWO JOINED STRINGS"  

When any wave is falling on a boundary between two mediums 
there are two phenomena: wave's reflection to the first medium 
and passing to the other [20]. The both phenomena are 
determined by different reaction of the mediums to impacts 
associated with the wave process. The knowledge of the 
mediums’ impedances for a particular type of waves allows 
determining amplitudes of transmitted and reflected waves if 
we know amplitudes of the incident waves [20]. 

The students’ program simulates the wave processes at 
a boundary of two joined strings. 

The strings are homogeneous and continuous, 
characterized by the same value of the tension force F, but 
may have different the linear density ρ. Due to various ρ the 
strings are characterized by two different values of the phase 
velocity and the impedance for the transverse harmonic 
waves [20]. The first leads to the different values of the 
wavelength on the strings, and the second - to the different 
reactions to the same transverse harmonic action. 

The main window of the virtual lab’s interface is shown 
on Figure 3. The two joined strings are shown in the 
background of the grid. The axes’ scales are different in a 
thousand times, because the wave processes are modeled in 
the approximation of small transverse displacements. This 
means that the waves’ amplitudes must be many times 
smaller than the wavelength. 

You can watch in time the wave processes on the strings, 
register the real time and the transverse displacements of 
different parts of the strings. If on the second string there is 
only the transmitted wave, but on the first string the wave 
process is the superposition of the direct and reflected waves. 

The interface allows changing the string’s tension force, 
the linear density of the strings, the amplitude and the 
frequency of the incident wave. 
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FIGURE 3 Interface of the virtual lab "Waves at a boundary of two joined 

strings" 

The simulated processes visualization allows observing 

all the characteristic changes taking place due to changing 

the ratio of the strings densities, leading to the changes in 

the ratio of the impedances and the phase velocities. 

This virtual lab has no real analogues in the laboratories 

of the NSTU. The students’ software product is used as a 

lecture demonstration and a virtual lab. 

4.4 VIRTUAL LAB "DIFFRACTION OF LIGHT" 

As we know, light exhibits a dual nature! The phenomenon 

of diffraction evidences the wave nature of light. 

All waves display the phenomena of diffraction, which 

arise from the superposition of waves. The waves contributing 

to the diffraction pattern must ultimately derive from the same 

single source. At each point of observation within the 

diffraction pattern the phase difference between component 

waves of the same frequency will depend on the different paths 

they have followed. Therefore, the resulting wave amplitude 

may be greater or less than that of any single component. 

Diffraction is classified as Fraunhofer and Fresnel. In 

Fraunhofer diffraction the pattern is formed at such a 

distance from the diffracting system that the waves may be 

considered as the plane waves. A Fresnel diffraction pattern 

is formed so close to the diffracting system that the waves 

still retain their curved characteristics of the wave front [20]. 

One of the most interesting diffracting systems is a 

diffraction grating. A large number of equivalent slits forms 

a diffraction grating. The importance of the diffraction 

grating as an optical instrument lies in its ability to resolve 

the spectral lines of two wavelengths that are too close to be 

separated by the naked eye.  

The students’ program simulates diffraction phenomena 

of monochromatic light. The model is based on the 

Fraunhofer approximation for diffraction of plane waves on 

a system of parallel slits. The main window of the virtual 

lab’s interface is shown on Figure 4.  

 
FIGURE 4 Interface of the virtual lab "Diffraction of light" 

The interface allows changing the light wavelength, the 
width and the number of slits, the grating space, and the 
distance from the diffraction grating to the screen. The 
program allows observing and analyzing diffraction patterns. 

The students realized the program tool "Interactive 
straightedge" using the adaptive mouse-replacement 
interface control functions. This tool allows measuring the 
characteristic distances between the maxima and minima of 
the diffraction pattern in the same way as in real experiments. 

There are similar real labs in the laboratories of the 
NSTU. But in the real laboratory works we use a laser with 
a fixed wavelength. Only four diffraction gratings are used, 
and the change in distance to the screen is not provided at 
all. The virtual lab significantly expands possibilities of 
laboratory training complementing the existing real 
experiment "Diffraction of light" in the laboratories. 

The students’ software product is used as a lecture’s 
demonstration and a virtual lab. 

4.5 VIRTUAL LAB “THOMSON PARABOLA 
METHOD” 

The charged particle motion in electric and magnetic fields is 
the basis of many devices and instruments of physical 
electronics [21]. Some of the devices are specifically designed 
to measure characteristics of moving charged particles. The 
simulation of the charged particles motion in electric and 
magnetic fields is an important practical task [21]. 

Thomson parabola mass-spectrometer is the well-
known device used to determine a charge to mass ratio 
(q/m) of ions [21, 22]. 

The students’ program simulates charged particle 
motion in electric and magnetic fields in the vacuum tube. 
The charged particles enter the area of the two parallel fields 
with the velocity vector perpendicular to the fields’ 
directions. The electric and magnetic fields deflect particles 
in two perpendicular directions. The particles deviations 
along these two lines are related by the parabolic law [21]. 
The identical particles (with the same q/m) fall on the tube’s 
screen to the points forming a parabola [21]. 

The students’ computer model is based on equations of 
charge particles motion in electric and magnetic fields. 

The main window of the virtual lab’s interface is 
shown on Figure 5.  
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FIGURE 5 Interface of the virtual lab «Thomson Parabola Method» 

In the cathode-ray tube you see stylized images of the 
electron gun, magnetic and electrostatic deflection systems. 
You can observe the charged particle's movement and see 
the resulting trajectory.  

The program interface allows changing the value of the 
transverse magnetic field. The length of the tube, geometric 
dimensions of the fields and the magnitude of the electric 
field are the same values. 

The «Start" button allows doing the next shot from the 

electron gun. 
In the additional interface window all the points of the 

electrons' hits to the tube’s screen are displayed on the 
background grid and Cartesian axes. 

This virtual lab has no real analogues in the laboratories 
of the NSTU. The students’ software product is used as a 
lecture demonstration and a virtual lab. 

5 Conclusions 

ICT can be used to organize the IT student's integrated 
problem-project activities for computer modelling of 
physical processes.  

The problem-project activity focuses on the creation of a 
software product, which has a certain intellectual, social and 
even commercial value. It makes possible to organize teaching 
and learning technology with the creative direction as for the 
learning process and for the created software products. 

The creation of their own software product brings a great 
emotional satisfaction and stimulates further creativity of 
the IT students. 

At the same time, it begins to appear a significant 
increase of the students' interest to the studied university 
disciplines - physics, mathematics, numerical methods and 
algorithms, computer graphics and programming. 

 

References  

[1] Denning P J 2009 Communications of the ACM 52(6) 28-30 

[2] Hestenes D 2006 Notes for a Modeling Theory of Science, Cognition 

and Instruction Proceedings of the 2006 GIREP conference: Modeling 

in Physics and Physics Education 2006 1-28 

[3] Prensky M 2008 British Journal of Educational Technology 39(6) 

1004–19 

[4] Ryan R M, Deci E L 2000 Contemporary Educational Psychology 

25 54–67 

[5] Buffler A, Pillay S, Lubben F, Fearick R 2008 Am. J. Phys. 76(4) 431-7 

[6] Chabay R, Sherwood B 2008 Am. J. Phys. 76(4) 307-13 

[7] Chonacky N 2006 Computing in Science & Engineering 5 4-5 

[8] Landau R H 2006 Computing in Science & Engineering 5 22-30 

[9] Teodoro V D, Neves R G 2011 Computer Physics Communications 

182 8–10 

[10] Yasar O 2013 International Journal of Science, Technology and 

Society 1(1) 9-18 

[11] Bodin M 2012 Computational problem solving in university physics 

education: Students’ beliefs, knowledge, and motivation Printed by: 

Print & Media Umeå University Umeå Sweden 

[12] Ornec F 2012 Bulgarian Journal of Science and Education Policy 

(BJSEP) 6(1) 89-116 

[13] De Jong T, Linn M C, Zacharia Z C 2013 Science 340 305-8 

[14] Baranov A V 2016 Virtual students’ laboratories in the physics 

practicum of the technical university 13th International Scientific-

technical Conference on actual problems of electronic instrument 

engineering Proceedings APEIE-2016 1(1) Novosibirsk, October 3-6, 

2016 pp 326-8 

[15] Daineko Y A, Ipalakova M T, Bolatov Zh Zh 2017 Programming and 

Computer Software 43(3) 161-71 

[16] Meltzer D E, Thornton R K 2012 Am. J. Phys. 80(6) 478-96 

[17] Marušić M, Sliško J 2012 Revista Brasileira de Ensino de Fisica 34(3) 

3401-10 

[18] Baranov A V 2010 Fizicheskoe Obrazovanie v Vuzah 16(4) 26-34 (in 

Russian) 

[19] Baranov A V 2012 Fizicheskoe Obrazovanie v Vuzah 18(4) 90-6 (in 

Russian) 

[20] Pain H J 2005 The Physics of Vibrations and Waves Sixth Edition. John 

Wiley & Sons 

[21] Simonui K 1972 Phusikalische Elektronik Budapest: Akadѐmiai Kiadό 

[22] Griffiths J 2008 Analytical Chemistry 80(15) 5678-83 

 
AUTHOR  

 

Alexander V Baranov 

 
Current position, grades: Associate Professor at the Novosibirsk State Technical University, Candidate of Physical and Mathematical 

Sciences 

Scientific interest: innovation methods of teaching physics with ICT 

Publications: More than 50 publications in the innovation methods of teaching physics with ICT  

Experience: Alexander V Baranov conducts elective courses in computer modeling of physical processes for students and 

schoolchildren. He participated in the organization of University student conferences on computer modeling, Interuniversity competitions 

of research works of schoolchildren and the 13th International Teaching and Methodological Conference "Modern Physical Practicum". 

 


