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Abstract 
The authors of this paper have been working during recent years on repositories, content generation, 
and learning materials distribution. We have designed and used materials for teaching a high school 
Physics course (videos developed with Moovly) and a Heat Transfer course at the undergraduate level 
(interactive content developed with Mathematica). These and other learning tools are available to the 
students through a university repository. Although the students have given favourably reviews to these 
materials, the fact that they access each material separately from the others is a drawback. It is 
thought that the students could benefit from having all the learning tools intertwined within an 
electronic notebook, resulting in an interactive text that may be more appealing to the students and, 
therefore, more efficient. 

Thus, we have started a university-funded project designed to create comprehensive interactive 
lessons. The tool selected to accomplish this task was Mathematica because it allows creating 
electronic notebooks that may include: text, audio, videos and interactive tools. Furthermore, 
Mathematica notebooks may be distributed in computable document format (CDF) which permits 
students to have free access to the contents (through the cdf player software) and full interactivity.  

From the point of view of the project itself, experts on Mathematica taught a course to the project 
members, who later were grouped according to the different project needs. 

The project has just started but it is possible to show the first results. In this paper, we detail the 
design and development of two notebooks: 1) Newton’s laws (for a high school Physics course) and 2) 
Bessel functions (for an undergraduate Heat Transfer course). 
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1 INTRODUCTION 
Incorporating Information and Communication Technology (ICT) in the learning process requires a 
minimum infrastructure. Even though this infrastructure is necessary, the success of using ICT in 
education depends on designing methodologies and generating content that take full advantage of 
ICT.  

A basic criterion to develop ICT-enhanced educational content is the selection of the tools both for the 
professor developing the course materials as well as for the students using them. The authors have 
been working in the development of teaching materials that may be accessed from a university-wide 
repository known as Red Universitaria de Aprendizaje (RUA) [1, 2]. These materials have been used 
in a blended-learning methodology for teaching a Heat Transfer course which is part of the Chemical 
Metallurgical Engineering curriculum at Universidad Nacional Autónoma de México (UNAM) [3, 4]. The 
materials include Microsoft PowerPoint presentations, interactive software modules, interactive 
Microsoft Excel worksheets, auto-evaluation resources and guides for the professor. A campus-wide 
license of Mathematica [5] has been used to develop the interactive software modules which have 
been described elsewhere [6]. 

One of the authors has also been actively pursuing the use of ICT to develop educational content for a 
high-school level Physics course (Physics III, which is part of the curriculum at Colegio de Ciencias y 
Humanidades). A suite of 20 videos [7] were designed and developed using Moovly [8]. 

All the materials described above have been made available to the students separately from the 
theoretical background and from each other. Although this strategy has been useful in terms of a 
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better understanding of the concepts, it is thought that they would be even more effective if both the 
theoretical background and all the interactive materials could be included in a single source. 

Mathematica allows developers to include text, videos, sound and interactive software modules within 
a single electronic notebook using an electronic document format, known as Computable Document 
Format (CDF) [9]. In this fashion, one can develop complete interactive lessons. Another advantage of 
the electronic notebooks is that they may be deployed in a repository and played using the freely-
available CDF player software [10]. We have started the development of electronic notebooks for the 
two courses described above; in this paper, two examples are presented. 

2 METHODOLOGY 
A multidisciplinary team was formed with professors (currently teaching either undergraduate or high 
school courses) and students of Engineering and Pedagogy. The participants attended a 20-hour 
basic course on Mathematica, including development of electronic notebooks, during the months of 
December 2016 and January 2017.  

The team was then split into two groups each one dedicated to either the Heat Transfer 
(undergraduate level) or the Physics course (high school level).  

For each electronic notebook, a common format was proposed: title, learning objectives, a general 
problem that serves as framework to develop the topic under study, theory, solved problems and 
suggested problems. For the Heat Transfer course, the starting point materials were the Microsoft 
PowerPoint presentations and the interactive software modules already developed. The scripts written 
for existing videos developed with Moovly were used as base materials for the electronic notebooks 
developed for the Physics course. 

3 RESULTS 
The project is a work in progress. In this paper, we will describe two electronic notebooks: 1) Newton’s 
laws (high school Physics) and 2) Bessel functions (undergraduate Heat Transfer). 

3.1 Newton’s laws 
As mentioned before, the electronic notebooks integrate in a single instrument both the theoretical 
aspects of a given topic and interactive exercises. Fig. 1 shows the beginning of the electronic 
notebook for teaching Newton´s laws. It starts with the title followed by the learning objectives. After a 
short introduction (not completely shown in the figure), a problem is stated: How does the motion of a 
body relates to the forces acting on it ? Note that this is a general question that serves as a starting 
point for studying the topic. 

 
Figure 1. Screenshot of the beginning of the electronic notebook about Newton’s laws. 
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Following the Introduction and the Problem, the statement of each one of the three laws of Newton is 
presented. Then, three interactive modules (one for each law) are available for the students within the 
electronic notebook. Fig. 2 shows a screenshot of the interactive module for the First Law. 

 
Figure 2. Screenshot of the interactive software module to study the First Law of Newton. The values of 

each force may be selected using the sliders at the top. In this example, both forces have been set to zero. 

The default values for the two forces are zero and, therefore, initially the body moves at a constant 
velocity. Using the sliders at the top, the student can produce uniformly accelerated motion of the body 
if he/she chooses different values for each force. Then, it is possible to select two equal (but different 
from zero) values for the forces; the student can then observe the body again moving at a constant 
velocity. 

A screenshot of the interactive module developed for the Second Law of Newton is shown in Fig. 3. 
The student inputs the value of the mass of a given object and selects either the moon (“Luna”) or one 
of the planets in the solar system – with the tab “Planeta/Luna”- and the module computes the weight 
(“Peso”) of that object on the celestial body chosen. 
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Figure 3. Screenshot of the interactive module to illustrate the Second Law of Newton. 

Fig. 4 shows a screenshot of an animation of the force of reaction on a cannon that has shot a 
projectile, to illustrate the Third Law of Newton. Because of the force exerted on the projectile, the 
cannon experiences a reaction, i.e., a force acting on the opposite direction. 

 
Figure 4. Screenshot of the interactive software module to study the Third Law of Newton showing the 

reaction force acting on a tank that has shot a projectile. 
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3.2 Bessel’s functions 
The topic of Bessel´s functions in the Heat Transfer course is required as part of the solution of the 
unsteady-state heat conduction equation (cylindrical coordinates) using the method of separation of 
variables. As was the case with the electronic notebook for Newton´s Laws, the material for unsteady- 
state heat conduction in cylindrical coordinates starts with a title, the learning objectives and the 
statement of a general problem: “How to solve the unsteady-state heat conduction equation in 
cylindrical coordinates?” 

 
Figure 5. Beginning of the electronic notebook for unsteady-state heat transfer in cylindrical coordinates. 

A first interactive element in this electronic notebook allows the student to observe the 3D form of the 
Laplacian for each one of the three usual systems of coordinates used in heat transfer. Fig. 6 shows 
this interactive element. The student selects the coordinate system he/she is interested in by using the 
tabs: “CARTESIANA”, “CILINDRICA” or “ESFERICA”; in this example, cylindrical coordinate shave 
been chosen 

 
Figure 6. Interactive software module to show the 1D form of the Laplacian for each one of the coordinate 

systems. The example shows the case of cylindrical coordinates. 

When solving a 1D, unsteady-state heat conduction equation in cylindrical coordinates (radial 
direction) by the method of separation of variables [11], the radial part of the solution corresponds to 
the Bessel equation [12]. The full analytical solution requires knowledge of the roots (i.e., the values 
that make the function zero) of the Bessel equation for a given set of conditions. A related interactive 
software module was designed and built and is shown in Fig. 7. The sliders allow selecting: the order 
of the Bessel function, the initial value of the plot, the final value of the plot, and the desired number of 
roots (“Ceros”). The results may be shown as a plot (“Gráfica”) or as values (“Los ceros de la gráfica”). 
In this example, the plot of the Bessel function of order 1 in the interval 0 to 31.6, and the 
corresponding nine roots, is shown. 
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Figure 7. Interactive software module to compute and show the roots of the Bessel equation. 

4 CONCLUSIONS 
 Taking advantage of the benefits of Mathematica’s computable document format, electronic 

notebooks for one topic (Newton’s Laws) for a high school Physics course and another (Bessel 
function) for an undergraduate-level Heat Transfer course have been developed. 

 It is expected to have half of the total number of electronic notebooks requiered for each course 
by the end of the year and they would have been tested in the classroom by mid-2018. 
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