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Abstract. In this paper, visualizations of second-order curves are 

considered, created in the Digital Learning System (DLS) Nomotex. 

Engineering and mathematical examples related to these concepts are 

given. The visualization collection created on the basis of the Nomotex 

platform is used for training engineers at the Bauman Moscow State 

Technical University. Engineering examples help students better 

understand the essence of mathematical concepts, as well as learn where 

this section of mathematics is applied. The paper provides mathematical 

and engineering examples on this topic, in particular, various images of an 

ellipse and its properties are given, an elliptical reflector is demonstrated. 

The article discusses the feasibility of using engineering examples for a 

particular specialty. The paper compares the performance of students using 

the Nomotex platform and students studying in the traditional way. The 

authors estimate the time required to create such visualizations. The 

authors note the expediency of creating a collection of visual mathematics, 

which would contain similar visualizations for all mathematical concepts. 

All examples are implemented using Phyton language facilities. 

1 Introduction 

The Digital Learning System (DLS) Nomotex is a new technology aimed at increasing the 

level of mathematical training of students enrolled in the main areas of training for 

engineers at the "bachelor's" level, and the technology is also aimed at reducing the time 

spent on training. 

To intensify the process of mastering the mathematical knowledge of an engineer and 

the development of cognitive abilities, a cognitive-visual technology for teaching 

mathematical disciplines has been developed, which is aimed at developing students' skills 

in scientific research, scientific organization of educational work, scientific observation of 

phenomena, collection of scientific data, and their subsequent visual fixation. 

The implementation of cognitive-visual technology is carried out through the 

development of problem-oriented visual images of the content of mathematical knowledge. 

The discipline "Analytical geometry" is included in the basic section of mathematical 

disciplines. It is studied in almost all technical universities and in all classical universities 

[1-6]. The discipline is usually studied in the 1st semester of the 1st year. For its study, 
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additional knowledge is not required from higher mathematics, which makes it attractive 

for processing using a new mathematical technology, which is being developed in the 

project to create the Nomotex platform [5]. 

An additional important factor is that the subject matter of the discipline is based on 

geometric concepts - vectors, planes, surfaces, etc., which can be effectively implemented 

by means of computer animation [1] and will contribute to the attractiveness of the created 

technology for the student audience. 

Second Order Curves is one of the topics covered in the Analytical Geometry course. 

This section deals with curves defined by the following equation: 

 

(1) 

 

The mathematical examples considered in this paper are implemented on the basis of 

the DLS Nomotex educational information environment [1-5], created at the Bauman 

Moscow State Technical University at the Department of Computational Mathematics and 

Mathematical Physics. The Nomotex platform was created for classroom training of 

engineers and, in fact, is a knowledge base for all mathematical disciplines. Each 

mathematical concept is complemented by a unique visualization. The entire knowledge 

base is available to students and for home study [6]. The platform is also used to carry out 

control activities: tests are used to test the knowledge of the theory, to test practical skills 

(problem solving), tasks with the input of the answer are used [7-11]. 

Why are mathematical examples created? They replace the familiar illustrations that the 

teacher draws on the board. The advantage of visualizations is that they are more accurate, 

presented in three-dimensional space, and significantly save time in classroom sessions 

[12,13]. 

2 Second-order curve visualizations 

In the course of analytical geometry, students are offered to study curves of three types: 

elliptic, hyperbolic, parabolic. The program on this topic includes the problems of 

constructing displaced curves of the second order, finding various characteristics of curves 

of the second order, constructing tangents to curves of the second order, studying the 

optical properties of curves of the second order [14, 15]. 

For each curve type, unique visualizations have been created to help you better 

understand the concepts of second-order curves, and to demonstrate the characteristics and 

properties of the curves. Such mathematical examples greatly simplify the presentation and 

perception of the material. Figure 1 shows a 2D rendering of an ellipse. 
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Fig. 1. 2D rendering of an ellipse. 

This example is not static, students and teachers have the ability to change various 

parameters of the ellipse, for example, you can increase or decrease the size of the semiaxes 

of the ellipse automatically, and the position of the foci and directrix changes automatically. 

You can also, on the contrary, change the position of the focuses or directrixes, and the 

ellipse itself will change [17, 18]. This example allows you to visually demonstrate the 

properties of an ellipse, see how an ellipse looks like with various parameters. Figure 2 

shows the visualization of a tangent to an ellipse [19].  

 

Fig. 2. 2D visualization of a tangent to an ellipse. 

This picture is also not static, the user has the ability to change the size of the ellipse, 

and also watch how the tangent will pass at any point of the ellipse. Also, this visualization 

allows you to build a secant ellipse passing through any 2 points [20]. 

Similar visualizations were created for other curves of the second order. Figure 2 shows 

the visualization of the hyperbola and its numerical characteristics. The analytical geometry 

course using the DLS Nomotex environment allows you to accommodate more 
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mathematical concepts than the traditional course, since during the lecture the teacher saves 

time on displaying second-order curves. 

3 Engineering examples on the topic of second-order curves 

Of particular interest are engineering examples that help to understand where the concept of 

second-order curves is applied in practice, and what their properties are for [20, 21, 22]. 

One of the most important properties of an ellipse is its optical property: the focal radii 

of an arbitrary point 0M  of the ellipse form equal angles with the tangent to the ellipse at 

this point. As an engineering example for this property, a three-dimensional visualization of 

an elliptical reflector [23] in solid-state lasers was created, Figure 3.  

 

Fig. 3. Elliptical reflector in a solid state laser. 

A cylindrical flash lamp is located at one of the focuses 1F  of the reflector, which has 

an elliptical cross-section [7]. According to the optical property of the ellipse, the reflected 

rays are collected in the second focus 2F . Since the sum of the focal radii, 1 2r r  which are 

the lengths of the direct and reflected beams, in the ellipse will be the same for all beams 

diverging in different directions from the flash lamp, all these beams will be collected at the 

same time. In the second focus 2F  there is an active element 5, for example, ruby. Focused 

light beams generate laser (monochromatic, unidirectional) radiation in the active element, 

which is repeatedly reflected and amplified from an optical resonator consisting of an 

opaque (6) and semitransparent mirror (7). Having been amplified many times in the optical 

resonator, the radiation through the semitransparent mirror is released outside - a thin laser 

beam (8) with a very small divergence angle is formed, coherent (oscillation in one phase), 

monochromatic (oscillation at one frequency) [7, 8, 9, 10]. 

The user has the ability to remove or add any of the laser elements, and even turn on the 

laser itself.  
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4 Conclusions 

In the work, visualizations of mathematical concepts on the topic of second-order curves 

were described, and engineering examples were presented that demonstrate the application 

of the optical properties of a hyperbola and an ellipse. Of particular interest are engineering 

examples that allow us to understand the practical importance of the studied mathematical 

concepts. A further goal of the authors is to create engineering examples that would show 

the practical importance for each of the specialties. 
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