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Abstract
We are looking for a new form of education and popularisation of natural sciences and presentation
of the science and research results of our faculty by solution of the project “Physics and Chemistry in
our life today and tomorrow”, supported by Slovak Research and Development Agency. Our main goal
is an increase of the motivation and interest of young people in natural and technical sciences
generally. We apply various means of transfer of information towards the secondary schools. Every
year we organize “Days of open Door” at our faculty – Faculty of Chemical and Food Technology
(FCHPT). We regularly participate in “Night of Researchers”, “Weeks of Science and Techniques” and
in the further training of the secondary school teachers. The lecture‐experimental tours at the
secondary schools appear to be one of the most effective forms for an achievement of our goal. In the
subject area of these lectures there are involved also the themes about ionizing radiation and
radiation protection. Firstly the study materials were prepared: e‐textbook, as well as university
textbook with many solved and unsolved problems and controlling questions, so they can be used for
a self‐controlling for students, or for a task defining for teachers. Besides text materials there was
created the video‐film library, which consists of 9 video‐films of our production, concerning the topic
of ionizing radiation. We use these study materials at our lecture‐experimental tours at the
secondary schools. Until now we realised 23 lectures with the topic of ionizing radiation during 2011
and 2012, besides of the other lectures with the topics of physics and chemistry. During this period
we visited secondary schools all over Slovakia. Number of secondary school students that attended
these presentations from the field of radiation protection was about 700. Very positive response of
our presentations can be confirmed by the fact that we are again asked for the next presentations at
schools, where we had lectured.
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Introduction
The question about an influence of ionizing radiation on people and on environment is very
often discussed nowadays also with connection to the nuclear accident in Fukushima. First, mostly
negative influences of ionizing radiation, people became aware at the end of the second world war
when the atoms bomb were applied, then after tests of nuclear weapons and after accidents in
nuclear power stations. On the other hand, in the last century there began the enormous
development of the applications of ionizing radiation mainly in medicine, biology, chemistry,
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techniques and in material sciences. Ionizing radiation became a basis of many new fields, e.g.
nuclear medicine. Nuclear energy became for mankind an irreplaceable source of energy. All these
factors – positive and negative – contributed to the fact, that public began to interest in the heart of
the matter – what is ionizing radiation, what are its influences on the man and what is radiation
protection. We must emphasise that the ionizing radiation has great importance nowadays. As we
mentioned above it is applied in many fields, by science starting, through the different industrial
branches, nuclear power engineering and by medicine ending. Besides of many positive
characteristics, the ionizing radiation has sometimes a negative influence on our health, so we must
avoid damages caused by it. We must strictly observe the rules of the radiation protection at the
work with irradiators. The principles of the radiation protection are based on knowledge of physical
substance of the matter and on the chemical and biological influences of ionizing radiation on men.
The inseparable condition of understanding of the philosophy of the radiation protection is perfect
knowledge of physical principles of origin of individual kinds of ionizing radiation, their interaction
with a matter. Also the basic methods of detection of radiation are necessary to know.
Many scientists all over the world are looking for new forms of the education or popularization
of these questions concerning the ionizing radiation and radiation protection. Many conferences are
devoted not only to the professional topics but also to pedagogical and didactic questions of
radiation protection. Also there exist many forms of popularization of the natural sciences generally
and topic of ionizing radiation individually, presented e.g. at conferences (Šípoš, et.al., 2010), (Dobis,
et.al., 2007).
We search for new forms of education of young generation as well as general public in this field
too (Holá, 2009), (Holá, Lukeš and Ilčin, 2010). It is necessary to educate students on the secondary
schools and on the universities, as well as to provide information to general public about the physics
of ionizing radiation ‐ in order the ionizing radiation not to be a public menace, but contrariwise to be
a useful tool. For the first time, a suitable study material, as well as promotional and information
material must be prepared for a fulfilment of this goal. Then the various activities like lectures for
public, Informative Days, Nights of Researchers and Weeks of Science and Techniques could be
organised. One of the ways to achieve these goals is the realisation of lecture‐ experimental tours at
secondary schools with various presented topics.

Study materials
Textbooks and DVD
In our contribution we inform of some study materials and about some activities which were
prepared in the field of the applications of ionizing radiation and radiation protection during the
recent period.
In the scope of solving the project: “Multimedia programme of education in the field of ionizing
radiation and radiation protection” the team cooperation of many workplaces was arising. This
project was supported by Slovak grant agency KEGA (2005‐2009). The multimedia textbook: “Ionizing
radiation and radiation protection” (Holý, et al., 2008) was the output of this project. This textbook
consisted of text part, multimedia part and informative part. In the text part there were elaborated
25 chapters with quantity of hypertexts. The multimedia part contained 12 video films and 43
presentations. The informative part provided the information of authors and co‐authors (18 authors)
and their workplaces (Fig.1).
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Figure 1: Title page of multimedia textbook and actuating elements.

This e‐ book was meant to be a basic study material for teaching on such colleges and
universities, where the subjects concerning the ionizing radiation and radiation protection were
introduced into study programme. Only some text parts of this multimedia book could be suitable
also for general public. As for multimedia part, the video films as well as many of presentations can
be used also for informative purposes generally.
One of the informative activities, where we also participated, was organized for mayors and city
managers as well as the next those interested from the municipalities nearby nuclear power station
Jaslovské Bohunice. This activity, named “Informative day of SNUS” was arranged by Slovak nuclear
society (Slugeň, et al., 2009). Besides of presented lectures, the participants obtained DVD materials
with text part and with video films about applications of ionizing radiations.
Our next material, which we prepared, was the university textbook “Radiation protection” with
the subtitle: “Ionizing radiation, its effects and protection of it” (Holá and Holý, 2010 a). This
textbook (Fig.2) was created primarily for students of Faculty of Chemical and Food Technology as a
study material of the subject “Radiation protection”. This textbook deals with an explanation and
classification of ionizing radiation and its interaction with the matter. There are described various
sources of radiation – natural but also industrial sources, various detectors of radiation and methods
of detection. One of the chapters deals with the applications of ionizing radiation in research,
industry and medicine. The attention is given also to the radioactive waste and disposal of it. The last
chapter is devoted to the radiation protection on the basis of biological influences of the radiation on
people. The organizational and technical assurance of radiation protection is mentioned there. In this
textbook there is many solved also unsolved problems and many qualitative questions, which can
serve for self‐study. This textbook obtains also DVD, where the illustrative video films as well as
colour figures attachments are presented. For this reason we can use that textbook also out ff the
school department as a promotional‐informative material.
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Figure 2: Study material „Radiation protection“.

Video film library
Video‐clips provide an illustrative approach to the investigated physical phenomena for
students. Some years ago we began to prepare our own video‐clips at our Department of Chemical
Physics of FCHPT (Holá, 2006), (Holá O. and Holá, K., 2006). These video‐clips record various real life
situations as well as laboratory experiments. We created also some video‐clips recording unique
workplaces. Finally, we continued in making our own video films. These short video films have the
Slovak voiceover providing professional comment. In the Table 1 there is given the list of our video
films from the field of Ionizing radiation and Radiation protection. Some of these video films were
also used as DVD attachment in above mentioned textbooks.
Table 1: Video‐film library.

No

Video‐films name

1

Radioactivity

2

Irradiator

3

X‐rays and diffraction device

4

Application of X‐rays in medicine diagnostics

5

Modern techniques in radiology and nuclear medicine

6

Nuclear medicine – open radiation sources in diagnostics and
therapy

7

Ionizing radiation and radiation protection

8

Days of radiation protection

9

Proton synchrotron in Ružomberok

Brief content of individual video films are as follow:
1. The video film „Radioactivity” deals with the basic defined notions like the natural and
artificial radioactivity, law of radioactive decay, the various types of radioactive irradiation
and their penetration through the different materials and most important are the
conclusions – three main principles of radiation protection.
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2. Irradiator – is video‐film about our workplace, where cobalt source is used for a scientific
research. The usage of gamma irradiation because of the study of its influence on the
various materials, on the changes of chemical and physical characteristics is shown.
3. In the video‐film „X‐rays and diffraction device“ we inform what is ionizing radiation and
especially X‐rays, how we can produce two types of X‐rays and principle of X‐ray tube.
Second part of this film is located in the workplace of our Department – X‐ray diffraction
spectrometer workplace (Fig.3). There are described individual parts of this device and
principle of its operation.

Figure 3: X‐ray diffraction spectrometer.

4. Video‐film „Application of X‐rays in medicine diagnostics“ (Fig.4) was recorded at the
Oncological Institute of Saint Elisabeth in Bratislava. In this video we can visit the individual
workplaces of Radiological Clinic with a voiceover providing by chief physician of the clinic.
We can see classical X‐ray apparatus, sciascope, dental X‐ray tube, mammograph and most
modern device of vacuum mammothomy, used not only for diagnostics, but also for
removal of small tumours.

Figure 4: Video‐film „Application of X‐rays in medicine diagnostics”.

5. In video‐film „Modern techniques in radiology and nuclear medicine“(Fig. 5) we are
familiarized with the various modern projection techniques, e.g. tomographical projection,
which are used in medicine, mainly in radiology. We are guests at the computer
tomography (CT) workplaces, where we are acquainted with the oldest device as well as
with modern multislice tomograph. Then we visit the magnetic resonance imaging (MRI) as
well as ultrasonography workplaces. These projection techniques do not used ionizing
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radiation, but they are the inseparable parts of diagnostics. In this video we have also the
explanation of the principles of CT, MRI and Doppler Effect.

Figure 5: Video‐film “Modern techniques in radiology and nuclear medicine“.

6. In the video‐film „Nuclear medicine – open radiation sources in diagnostics and therapy“
we are visitors of Clinic of Nuclear Medicine. In a preparatory room we can see the work
with radio pharmaceutics in protection boxes. Radio pharmaceutics are open irradiators,
which are applied intravenously into patient body before a medical examination. There are
explained the principles of scintillation detectors – the detectors that are usually used for
detection of gamma radiation. We pass through the workplaces (Fig.6) of scintigraphy,
SPECT (single photon emission computer tomography) and PET (positron emission
tomography).

Figure 6: Video‐film „Nuclear medicine – open radiation sources in diagnostics and therapy“.

7‐ 8. The video‐films „Ionizing radiation and radiation protection“ and „Days of radiation
protection“ discuss the questions of radiation protection generally and in medicine
particularly. There are depicted various protective appliances that are necessary for
patients to be used at the medical examinations, as well as protective cabins and other
safety precautions for personal.
9. In the last mentioned video‐film “Proton synchrotron in Ružomberok“ we are present at the
ceremonial delivery of proton synchrotron device for medicine aims in Ružomberok.
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Methods of education
Publicity campaigns
Besides of the above mentioned “Informative day of SNUS” prepared mainly for mayor city
managers and people lived nearby power station Jaslovské Bohunice, we participated on the
following publicity campaigns:
Our faculty organized first in 2010 and then in 2011 “Days of open doors”. During this day the 4
parallel lectures were carried out. Students had a possibility to choose the topics they were
interested in. Our contribution was the lecture: “Radioactivity around us”. In one of the lecture hall
there were screened our video films also about an ionizing radiation. The chemical and physical “fair”
with more than 20 “market stands” with attractive demonstrations ‐ that was the continuation of
these Days. Our stand was devoted to the detection of the radiation (Fig. 7). Students could
participate in a competition, the answers to questions they could find at these stands. Culmination of
Days was an evaluation of the competition and the winners were awarded by symbolic prizes.

Figure 7: Our market stand at Day of open doors.

The next action in which we regularly participated is “Night of Researchers” (Fig.8). Last year we
had the lecture: “Radioactivity –fellow of our life” for about 70 students of secondary schools,
arranged at the Museum of Natural Science in Bratislava.

Figure 8: Night of Researchers in Museum.
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Training of teachers
Our faculty organized further training for teachers of chemistry and natural sciences every year
during holidays. Last year “The XXIV. Seminar for secondary school teachers of natural sciences
subjects” took place and also our working group prepared study materials and DVD with some video
films about radiology and nuclear medicine.

The lecture‐experimental tours
The main planned activity of above mentioned project is realization of the lecture‐experimental
tours at secondary schools. We addressed a letter to some secondary schools, in which we offered
our lecture‐experimental activities from the field of Physics and Chemistry and especially Ionizing
Radiation and Radiation Protection.
These lectures consist of power‐point presentations, virtual as well as real demonstrations (if it
is possible), our video clips or video films, internet applets concerning the theme of lecture. The
simple experiments or demo exhibit of various types of detectors and dosimeters are inseparable
part of these lectures.
Until now we have prepared 6 themes from the field of ionizing radiation, in the next table 2.‐
there are given their names. According to requests of schools, the content is adapted to the changing
conditions – either undemanding or more sophisticated.
Table 2: Lectures from the field of Ionizing Radiation.

1. Radioactivity – a threat for mankind or an inseparable part of our life
2. Origin of X‐rays and their use
3. Do you know working principles of CT, MRI, ultrasonography, PET?
4. Nuclear medicine – open irradiators in diagnostic and therapy
5. Multi‐purpose utilization of strong magnets – MRI, cyclotrons, synchrotrons
6. Radiation protection

Results and discussion
The above mentioned study materials can be used as a teaching aid in lectures at the various
natural science faculties, health and medical faculties as well as at technical universities in every
subjects which deals with ionizing radiation, radiation protection, radioecology, radio pharmacy,
biomedicine chemistry and physics and so on. These study materials were prepared in such a way,
that they can be used not only in attendance study but also in distant and external study (Holá and
Holý, 2010 b; c). These materials contain many solved as well as unsolved problems and exercises;
every chapter ends with a great number of controlling questions, so they can be used for a self‐
controlling for students, or for a task defining for teachers.
More over some parts of these materials, first of the entire video library, can be applied also at
secondary schools, technical and health colleges.
Various presentations, imagines, video clips and video films from our study materials can serve
as very suitable promotional and informative material during activities that are devoted to general
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public. The more professional parts of presented materials are predetermined to the further
education of teachers also by distant form.
As for our lecture‐experimental tours at the secondary schools, until now we realised 23 lectures
with topic of ionizing radiation during 2011 and 2012. During this period we visited secondary
schools all over Slovakia, we were in Púchov, Prievidza (Fig.9), Slovenská Ľupča, Liptovský Mikuláš,
Nová Baňa, Žiar nad Hronom, several times in Krompachy and Košice, and at several schools in
Bratislava. Number of secondary school students that attended these presentations was about 700.

Figure 9: Presentation in Prievidza and prize award.

We can summarize our experiences in the following remarks:
1.
2.
3.
4.
5.
6.

To supply the power‐point presentation of lecture directly by demonstrations,
experiments
To combine the power‐point presentation with the video clips and video‐films
To allow a pause during a lecture
To assign a written questions, tasks at the beginning of lecture – it helps to maintain the
attention during the whole lecture
To give a time for discussion and for “playing” with demo tools
To evaluate the student’s answers of written quiz and to reward some students with
symbolic prizes (Fig.9).

We can state that our presentations achieved a great success, we are again asked for the next
presentations at schools, where we lectured. The curiosity and interest that had stirred in students –
it is for us a great satisfaction and motivation for analogical activities.

Conclusion
Our experiences in an application of above mentioned study materials for an education as well
as for propagation are very positive. Also the new forms of an education – on the one hand ‐ the
activities for general public, on the other hand ‐ our lecture–experimental tours at the secondary
schools, have very kindly response to our presentations not only of teachers, but first of all of
students. The great asset of our lectures is a familiarization of such fields of application of ionizing
radiation, which are not freely accessible, e.g. workplaces of Radiology and Nuclear Clinics,
international centres of nuclear research in Dubna and Cern, nuclear power stations and the like. It is
obvious, that if the public will be more informed of the versatile use of ionizing radiation and of an
improvement of quality of life owing to the applications of ionizing radiation, an aversion and fear of
“invisible radiation” will decrease.
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