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Abstract 
The study of collisions among two or more bodies has a great impact in several scientific fields such 
as Nuclear Physics, kinematical analysis or chemical reactions. Consequently, it is considered an 
important topic to be studied in all General Physics courses. The use of multimedia tools to visualize 
different kinds of collisions (elastic, inelastic and partially inelastic) helps the students to understand 
the behaviour of the bodies more easily than using traditional methods. 

Here, we focus on the linear momentum conservation presenting a virtual laboratory (developed using 
the tool “Easy Java Simulations”) for the visualization of the collision between two bodies in different 
regimes: elastic, inelastic and partially inelastic. In these three cases, the user can vary the mass of 
both objects providing a real-time visualization of how this change affects to the final behaviour. The 
objects are on a ruler, which indicates their position at every moment, whereas a chronometer gives 
the possibility to calculate the speed before and after the collision. In the particular case of the partially 
inelastic regime, the values obtained in the collision simulation allow the students to calculate the 
coefficient of restitution. In order to increase the audience, these virtual laboratories offer the 
possibility of changing the language between Spanish, Valencian and English. 
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1 INTRODUCTION 
Virtual Labs (VLs) can be considered as a resource of great didactic value since they can complement 
and, sometimes, replace the traditional hands-on laboratories. It is clear that VLs are essential in the 
case of the numerous online courses currently offered, especially if they provide scientific and / or 
technical instruction. On the other hand, due to space, time and economic limitations, it is not always 
possible to implement a lab session for each one of the subjects that make up the program of a 
course. In these circumstances, VLs are an effective alternative. However, since VL is a simulation of 
a laboratory experiment, the student does not work directly with the lab equipment and with the 
measuring instruments and, therefore, does not develop all the skills of the experimental procedure. 

The emergence of technology in the field of education has led to the progressive use of VLs at all 
levels of education. The effect of the incorporation of this innovation and its comparison with traditional 
laboratories has been the subject of numerous studies. Most studies have shown that learning 
outcomes are similar, being VLs a viable replacement or supplement to hands-on labs [1-4]. However, 
VLs should be considered not only as an adequate alternative to traditional laboratories, but also 
Virtual laboratories have also additional benefits in education, such as interactivity and dynamic 
response [5]. Because students can perform multiple experiments, changing the system and 
observing its responses, VLs provide fast feedback [6]. Besides, these laboratories promote students 
autonomous work, helping them to develop their own understanding of the phenomena and, what is 
more interesting, they do it at their own pace.  

To be effective VLs must meet certain requirements. First, they must have a transparent environment 
that allows users a quick access to the different options through a friendly interface. Second, users 
must have complete control of the variables to analyze their influence on the process and, finally, VLs 
must display the necessary representations (images, graphics and animations) to assimilate the 
underlying concepts and relationships [7]. Within this context, learning processes based on virtual 
laboratories have demonstrated to provide several advantages [8], although its pedagogical 
effectiveness is conditioned to a complete integration in the global instruction plan and a proper 
placement in the curriculum [9].  

In this work, we present a set of three new HTML5 virtual laboratories [10], [11], [12] for the study and 
understanding of the collision between two bodies in different regimes: elastic, inelastic and partially 
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inelastic. This is a very basic topic in all General Physics courses for Engineering degrees. However, 
we have detected that some students lack of a deep understanding of the linear momentum 
conservation and its properties. Within this framework, the developed virtual lab provides a real time 
visualization of the collision in different regimes and how the change of the involved parameters 
affects the result. 

The present virtual laboratories have been developed using the tool “Easy Java Simulations” (EJS) 
[13] (http://www.um.es/fem/Ejs), based on the physlets of Open Source Physics [14] 
(http://www.opensourcephysics.org). EJS is a free authoring tool that helps non-programmers to 
create interactive applets in Java applications, either Java or JavaScript (HTML5), mainly for teaching 
or learning purposes. Versus previous simulation packages, the present virtual laboratory is platform 
independent, so it can be visualized using any Web browser on smartphones, tablets, as well as 
computers. Other visual laboratories using the EJS are fully implemented in the first course of Physics  
[6]. 

2 METHODOLOGY 
The set of virtual laboratories on linear momentum conservation shows a common interface to help 
the students in their interaction with the applets. 

There are three labs for the visualization of the collision between two bodies, one for each different 
regime: elastic, inelastic and partially inelastic.  

In these three cases, the user can vary the mass of both objects providing a real time visualization of 
how this change affects to the final behaviour.  

Fig. 1 shows a snapshot of the application. The viewer presents the two bodies on a ruler which 
indicates their position at every moment. The green arrow shows the position of the center of mass 
and the chronometer indicates the time lapse. The left body moves towards the right body with an 
unknown speed, while the second body remains at rest.  

  
Figure 1. Snapshot of the application. 

The toolbar (Fig. 2) allows the student to enter the mass of each body and to control the movement to 
measure time and distance in order to calculate the speed before and after the collision. The toolbar 
appearance may vary on different browsers. 

To enter the body masses, a text box is always available and sometimes a slider is displayed (Fig.2a). 
While typing text in any text box, it is shown with a yellow background. It is mandatory to press the 
ENTER key to validate the input, whereupon the background becomes white. When the input value is 
incorrect the background becomes red. The size of the bodies changes with the mass in order to 
improve the simulation.  

Several buttons are available. The “start/stop” button controls the animation; the “repeat” button 
restarts the animation, with the same unknown speed, and the “return” button boots a new problem 
with a different initial speed. 

  (a) 

  (b) 

Figure 2. Toolbar’s caption.(a) Mozilla FirefoxTM. (b) Internet ExplorerTM. 
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2.1 Elastic collision 
Once the velocities of the bodies are obtained, before and after the collision, the conservation of the 
linear momentum, and the conservation of the kinetic energy (since it is an elastic collision), can be 
verified. 

Fig.3 shows two captions of the elastic virtual laboratory. By calculating the mass center speed, before 
and after the collision, the student checks that this speed remains constant. Small errors are due to 
the distance measurement so students are encouraged to undertake several measures as in a 
physical laboratory. 

 

 
Figure 3. Captions before and after the elastic collision. 

2.2 Inelastic collision 
After the inelastic collision the two bodies remain together (Fig.4). Students can check the 
conservation of the linear momentum.  

The kinetic energy is not conserved in an inelastic collision, and this can be proved using the 
calculated speeds. 

 
Figure 4. Caption after the inelastic collision. 

2.3 Partially inelastic collision 
In the partially inelastic collision (Fig.5) there is an energy loss. While the linear momentum is 
conserved, the kinetic energy decreases. Students are encouraged to obtain the coefficient of 
restitution. 
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Figure 5. Caption after the partially inelastic collision. 

3 RESULTS 
The use of these virtual laboratories is encouraged among the first course students in several degrees 
at the ETS de Ingeniería del Diseño, Universitat Politècnica de València (Spain). During the 
development of this course, the use of this tool has been implemented as supporting material for the 
explanation of the linear momentum conservation, through the collision between two bodies in 
different regimes: elastic, inelastic and partially inelastic. In addition, teachers have explained to the 
students the operation of the tool and have invited them to experiment by themselves, both in the 
classrooms where computers were available, and at home. At first, the tool seems to have been very 
well received by the students. 

The teacher acts as a guide, giving the students the tools and showing them the different ways they 
can apply themselves to the learning process. In this way, the virtual laboratories that we present, 
serve as a tool to obtain various transversal key competences [15], which will help the student to have 
a more complete training for their professional future. The student must: 

• To demonstrate the understanding and integration of knowledge, both in the specialization itself 
and in other broader contexts (TKC1 - comprehension and integration) 

• To analyze and solve problems effectively, identifying and defining the significant elements that 
constitute them (TKC2 - application and practical thinking) 

• To perform tasks that require more or less complex reasoning processes and, in many cases, 
not simply an associative and routine action. It must also identify and define the significant 
elements of a problem for its effective analysis and resolution (TKC3 – problem analysis and 
resolution) 

• To develop a critical thinking, interested in the foundations on which the ideas, actions and 
judgments, both own and others, are based. This involves questioning the assumptions 
underlying our usual ways of thinking and acting (TKC9 - critical thinking) 

• To manipulate knowledge, update it, select what is appropriate for a specific context (TKC11 - 
lifelong learning) 

The student must prepare to face complex situations by accommodating the available resources. The 
use of these tools (virtual laboratories) promotes autonomy and initiative. The student learns and 
applies knowledge and skills autonomously. 

4 CONCLUSIONS 
This manuscript presents a virtual laboratory to help students to get a deeper understanding of the 
linear momentum conservation. The use of multimedia tools to visualize different kinds of collisions 
(elastic, inelastic and partially inelastic) helps the students to understand the behaviour of the bodies 
more easily than using traditional methods and offers an invaluable way to approach to the study of 
collisions among two bodies with a friendly, and easy interface. 

The transversal key competences are exposed in order to highlight the learning aspects of this new 
learning resource. 
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