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1. introduction

Education of Material Sciences at FEEng CTU Prague

The subject „Introduction to electrotechnical materials” is obligatory for the students of first year of bachelor course. Its education extend is 2+1 (two hours of lectures and one hour of exercise per week). The subject is presented at the first semester for all students (max. 1700). The education is provided in two main fields: Structure of matter (structure of atoms and molecules, state of matter) and electro technical materials (conductors, semiconductors, dielectrics, magnetic materials, superconductors, materials for optoelectronic applications, constructional materials), their structure and properties. The basis of the subject is built on physics and physical chemistry. The education of the subject allowed students to create the basic relations between the structure and properties of the materials, teaches the students to be able to select the appropriate material for the application, presents the students the methods of scientific work, teach them to applied the general formulae for particular problem and the presentation of the modern applications supports the popularisation of the materials sciences. 

There are several technical and didactical problems. The technical problems group includes the problems as follows: the capacity of the rooms, the large reduction of the materials science education as a whole. At the first view, the previous education was covered by the subjects Physical Chemistry (2+1) at the first semester, Materials for Electrotechnics (3+2) at the third semester and Properties and Technology of Materials (3+2) at the forth semester. At the present time, the education of materials science is represented by the subject Introduction to electrotechnical materials (2+1) at the first semester only. Consequently, much information is served students without logical explanations, without mutual connections between the formulae.

At the second view, it is very difficult to teach the students coming from different kind of secondary school. Every ones come with different level of mathematical and physical experiences. The core of the problem is not in the experiences and knowledge only. Mainly, there is the problem in their thinking, in the way of solutions the problems. Many students are fixed to secondary school ways of learning. They are able to put the data into the particular formula and compute the results, but without any understanding of the problem. These are very important notes, because the main conception of the subject is derived from them. 
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In the field of didactic problems the testing methods and examine procedures are very interesting. It will be the subject of the next publication.

2. The concept of the subject

2.1. Seminar exercises

The seminar exercises follow the lectures. It is preferred the computational exercise with some problems over the next information addition. Choosing the correct formula, putting the data in correct units and correct result is required and checked. Computations of the material parameter values result to understanding of the physical meaning and give students the basic view about the scale of the values of some particular materials. 

2.2. Laboratory exercises

In laboratory exercises the students verify theoretical laws. They learn to apply the theoretical equations to practical problems. We believe that for the students at the first semester high level of automation brings many didactic troubles. It is main reason why the computer controlling was excluded. The wishes were – maximum of the student works in the measurements and computations. 

2.3. Dielectric laboratory topic
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The explanation and detailed understanding the dielectric parameters as complex permittivity r and loss factor tg are the principal request of the dielectric laboratory topic. The first part of the topic is represented by the capacity measurements of the parallel plate condenser with micrometer screw and circular electrodes of diameter 40 mm (Fig.1). The condenser is build as two-electrode system. Both electrodes are made from stainless steel and they are insulated from the grounded cover by teflon insulators. After calibration curve measurement (Fig.3), capacity and loss factor of different samples as a polymer foils, ceramic plates, paper, etc. are measured and the complex permittivity is established.

The second part of the topic is concentrated to study of electric dipole mobility as a function of viscosity (temperature) of an amorphous matter. The resin sample (rosin) is placed in Petri dish between two circular electrodes mutually insulated by paper ring (Fig.2). The load keeps the constant electrode distance with increasing volume (temperature). With increasing temperature the resin expands into dish above the electrode system and does not influence electrical measurements. Temperature is controlled by the hot plate in the region 20-100°C. The complex permittivity components (real ´ and imaginary ´´) are established from capacity and conductivity of the condenser (Fig.4) measured by the impedance – phase HIOKI Hi-Tester. 

2.4. Conclusion

[image: image3.bmp][image: image4.bmp][image: image5.bmp]The result of this work is creation and construction of new laboratory topic in the dielectric field. Measurements of complex permittivity of both plate solid samples and dipole mobility in amorphous matter respectively are possible in the temperature range 20-100°C and frequency range from 1 to 100000 Hz.

Fig.1: The condenser: grounded cover 
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Fig.2: Simple two electrodes for measurement of complex permittivity as a function of temperature
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Fig.4: Temperature dependences of the complex permittivity components and loss factor of resin
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Fig.3: Calibration of the condenser (dot line) and the theoretical curve (simple line)
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