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Introduction 

 

Particle physics, one of the most dynamically developing branch of contemporary science, is 

generally thought to be something very difficult subject, which treats objects of unbelievable sizes. 

Physics teachers of earlier times during their studies heard next to nothing of the physics of the 

micro world. This topic is not included even in the physics courses of elevated level, thus most 

colleagues do not feel it needed to get acquainted with the newest results of research, although we 

often meet in the media expressions like "antimatter", "god particle" or "particle accelerator". Of 

course, interested students asks such questions of the teachers. Although there are many 

programmes helping the colleagues, like the annual teachers' programmes at CERN, or the Particle 

Physics Masterclasses at the Wigner Research Centre for Physics, but it is almost impossible to 

comprehend and digest of this complicated subject during such short occasions. 

 

The goal of my research work and thesis is to present methods helping to tech particle physics in 

and outside classes. Comprehending particle physics is a problem for many students as on the level 

of applications it needs a wide knowledge of physics. A real understanding of particle physics needs 

studies in classical mechanics, electrodynamics, nuclear physics, quantum mechanics and relativity 

theory. It is a further problem that teaching modern physics has much less time in the curricula of 

high school that necessary. In my experience the methods developed in my PhD work of the last 

years, in spite of all those difficulties, help to raise the interest of the students and to present a few 

important and exciting points of particle physics. 

 

The essence of the method is active "research work" with the tutoring and active participation of  

the teacher. By organizing student research teams the interested students gain the possibility to join  

teaching with research. Getting acquainted with the elementary particles will be helped by a series 

of geometrical objects made of paper by the students themselves, this way they can form a picture 

of the particles constituting our world while playing.  

 

Using music analogies in teaching is always very successful, so connecting this art with the physics 

of the micro world is also quite efficient to raise interest. 

 

It is a job of ever increasing importance is to improve the attitude of students to physics, most of the 

teachers make serious efforts to do that. Organizing various, irregular competitions, happenings we 

help to provide the students with meaningful programmes, and we can also form such a form of 

teaching which, because of its not usual form, the students will like to attend.  

 

The knowledge of teachers in particle physics is usually quite incomplete, without its development, 

however, we cannot hope for the students to meet more with the physics of the micro world in 

classes or study circles. my work described below is mostly oriented at widening knowledge and 

easier understanding of particle physics, but also at the general popularization of natural sciences.   

 

1. Detector construction with a high-school background 

        

I participated in developing and building a measuring apparatus on the basis of multiwire 

proportional chambers of Wigner RCP, applicable for high-school experiments and 

demonstration. I have involved my students in the construction work. As a result of this 

workshop the students gained knowledge in particle physics and also got more motivated in 

physics generally and have chosen this orientation if further studies.  

 

The demonstration apparatus is similar to the measuring device used in scientific research. It is a 

flat box between two metal sheets which are separated by an insulator wall. There are parallel thin 

and thicker wires close to the lower sheet. The box is filled by a gas mixture of argon and carbon 



dioxide. An electric potential between the sheets and wires will form an electric field in the box. 

The cosmic muons because of their high energy can traverse the chamber almost freely. When 

hitting an atom in the gas the can ionize it. The freed electron, while accelerating in the gas, will 

produce an electron shower which induces an electric pulse in the nearest this wore of positive 

potential. The muon detector for scientific research is an apparatus of a large surface and high 

precision which needs a laboratory of extreme cleanliness to operate. The demonstration device 

developed by me is much smaller than the research ones and it is much simpler and cheaper to 

build. As it is just for demonstration of the phenomenon, we used simple materials, required neither 

such a high precision for placing the wires, nor an extreme purity of the gas, etc. For demonstration 

the muon detection is shown by LED lights. Placing several such chambers in a column the LED's 

will show a vertical projection of the muon trajectory through the chambers. 

 

After preliminary design work we have built the apparatus together with my students as a school 

workshop work. I have written a detailed programme of the workshop. The students first got 

acquainted with the basics of nuclear and particle physics, then we transferred to the detector 

construction laboratory of Wigner RCP, where the students learned about experiments and the 

operation of the detectors. The students of the vocational high school actively participated in every 

phase of device construction. I have repeated this project every year with different students and 

during this work both the data handling and the building method gradually developed. I consider the 

main result of this project work that we proved that one can accomplish high-level talent 

development even with vocational students, not only with high-school ones. Joint work with the 

teacher motivates the students. The marks of the participating students improved in physics, and 

most of them continued their studies as physics or engineering students. 

 

I have presented this project at various national and international forums and my detector-

construction students successfully participated in student competitions.  

 

Related publications: [1-4]. 

 

2. Demonstrative teaching of particle physics using paper cubes 

 

I have developed a new method and demonstration material for teaching students the 

interesting, but complicated system of elementary particles, including the conservation laws 

governing particle reactions. This method helps the students to fix and apply the knowledge 

via playful activity. 

 

 The protons and neutrons, the constituents of the atomic nuclear are built by inconceivably small 

(around 10-18 m) particles, the quarks. In this size range it is senseless to speak of shapes, but the 

different quarks are characterized by their six flavours, I got the idea to model them with paper 

cubes with their properties written on them. Moreover, we paint them showing the colour charges of 

the quarks. 

 

The students are interested in the unknown micro world. They are willing to play with paper cubes 

built by themselves and accepting some "game rules" to orient among the subatomic processes.  

 

After a lecture of the basic quark properties and accepting the basic laws the students build the 

protons and neutrons and some mesons, the other kind of hadrons, using the quark cubes. Along 

with the quark cubes, the gluons, the particles mediating the strong interaction is also demonstrated 

with small painted plastic pieces.     

 

In my experience the students learn quite fast the most important rules of particle physics using the 

cube model. 



Considering the conservation laws the cube model can also be used to illustrate and analyze the 

processes of particle physics. Among them I give special attention to the understanding of the 

nuclear beta decay which is in the regular curriculum of high schools. 

 

The main pedagogic goal of using the cubes is for the students to learn the basics of particle physics 

using the particle models made by themselves. While learning some rules they figure out the laws 

of the processes of the micro world themselves. The Styrofoam pieces for filling boxes, which the 

students paint themselves according to certain rules, are useful for practicing colours and anti-

colours. Those are used for modelling the gluons, the mediators of the strong interaction. During 

these playful lessons I persuaded the students to intellectual effort, creative work, that is harder and 

harder in classes. In these playful studying the game got richer by additional ideas, for instance, 

after the corresponding Nobel Prize the Higgs boson with its decay products also joined the set. 

  

I have worked out a method for a deeper understanding of one of the radioactive decays frequent 

questions at maturity examinations, the beta decay. During this exercise in addition to the other 

conservation laws included in the curriculum the students can learn about other quantities  

conserved in particle processes and , and they can check their conservation with simple calculations. 

For this exercise they make new cubes with values of conserved quantities on their sides. 

Simultaneous rotation of the cubes various conservation laws are tested. In this exercise the students 

gain possibilities for creative, individual thinking again, as the correct description of the decay 

needs to figure out the possible decay products. In my experience the students are glad to partake 

these exercises, they enjoy the creative work and that they can reinvent laws which were invented 

by the scientists earlier. This project gets richer in time, new ideas are proposed and provide 

possibilities to learn about the processes of the micro world. 

 

Related publications: [9-10] and lectures: [11-12]. 

 

3. Studying the micro world with music analogy 

 

For an interesting, attention-raising teaching of certain chapters of physics I have introduced 

a new method using musical analogies. Over the creation with various musical instruments 

and analysis of certain sounds one can explain using melodies the laws of planet movement or 

the known laws of string theory. Thus the motivation of students can be increased using the 

beneficent effect of music. 

 

The relation between physics and music is well known. Great physicists, like Kepler, Newton and 

Einstein, but many particle physicists as well used the possibilities provided by musics. I have been 

using this method for colouring certain classes, to make things understood better. For instance, 

Kepler's laws are hard to imagine due the the large sizes, but they become more interesting and 

easier to understand when the planets "sound off". In my experience any abstract model becomes 

more natural, closer to handle when connected with such an emotional element. I heard many times 

that developers of the string theory called the phenomena of the Universe a cosmic symphony, and 

although superstring theory is a special branch of particle physics, which uses vibrating energy 

threads instead of particles, we can also use this to raise interest in particle physics. My interest in 

music of many decades and also the fact that I play the classic guitar led me to the question, 

whether  

It is possible to bring the micro world into relation with music, and whether the sounds of the guitar 

strings could  correspond to various elementary particles. 

 

I have shown, that the interest of the students can be raised through arts as well, and it is possible to 

relate the sounds of music with particles, although not with definite physics content. The 

pedagogical method of mine serves the goal that the students get closer to the mysteries of the sub-



atomic world via using a most favourite musical instrument, the guitar. Using this method I raised 

the interest of hundreds of students in this topic. In study circles and lectures we draw connections 

between the vibrational shapes of the guitar strings and particles using playful problems. The 

frequencies proportional to energies were related to sounds of music, i.e. persuaded the invisible 

constituents of the micro world to "sound off". For raising the sounds we used various objects 

which also helped to learn the basic of acoustics. All this proved for me that the beneficent effect of 

music can be of tremendous help even in physics teaching. 

 

Publication: [5], lecture: [13]. 

 

4. Student motivation with non-traditional methods  

 

For those students who do not want to take physics for further studies I developed new kinds 

of physics competitions and programmes, hoping to raise their interest in the subject. All that 

help to educate intelligent people, open toward new discoveries and innovation, and capable to 

share their knowledge with others. 

 

During my work I frequently experience, what great efforts a physics teacher has to apply in order 

to raise the students' interest in the natural sciences, and to make them want to study physics, to 

solve problems with various methods. In these years, mostly because of the explosive development 

of informatics, we cannot stick to the traditional "experimental" and "problem solving" methods, the 

students need new stimuli and we have to apply non-traditional methods to get results. 

 

At an average high school few students reach the level to get in famous national physics 

competitions, but they do like to compete, to get to place themselves among the other students, and 

to collaborate in common projects. Realizing this I have developed new playful competition forms, 

programmes related to physics with twofold aim. Naturally, I consider the development of talent 

very important, and I provide a continuous help to this small group for deeper understanding of 

physics in study and research groups. However, the motivation of the majority of students, the 

playful involvement of weaker students in physical sciences is equally important. Such events are 

the already traditional "Competition to prepare and demonstrate experiments" or the very popular 

"Constructive physics competition". In the first event the student has to show an experiment made 

of materials found at home and explain it, the other one is to build something in given conditions. 

Thinking of students having stage fright I have introduced a competition of "Book reading", where 

the students should collect a quiz on the basis of the popular scientific book.  

 

I believe in the unity of body and soul and consider sports for the youth very important. Thus I am 

bringing my students once a year to "run scientifically", to apply mechanics in practice. During 

project weeks I try to make the students to like physics better in an interdisciplinary way, it is not 

impossible to ask the students to reply in the form of rap. Using info-communication techniques the 

students can also compete by preparing films devoted to given subjects. I have organized a Study 

Circle of Natural Sciences, where our own students, teachers or invited speakers give monthly 

lectures on subjects of physics or the natural sciences. The high numbers of participants in these 

non-traditional competitions and lectures, and the ever-increasing numbers of students interested in 

physics prove for me the raison d'etre of these programmes, and the importance of showing 

perspective for these young people how to spend their free time in a meaningful way. 

 

Related publication: [7] and lectures: [13-14]. 

 

5. Extending the knowledge of teachers in particle physics 

 

I have developed a complex thematics for renewing and extending the knowledge of teachers 



in particle physics, which should help for them digesting the topic. Using this teaching 

material, participation in research projects, or micro-physics analysis of experiments studied 

earlier their knowledge will extend and they gain more self-confidence when teaching particle 

physics. 

 

We, physics teachers, in addition to teaching have an ambassador role as well. We have to share all 

the knowledge gained at refreshing trainings and conferences with our students and colleagues. 

Without collaboration with fellow teachers we cannot expect any development in public education, 

and such subjects as particle physics to find their way into the curriculum. I should like to share the 

results of my research of many years' with as many physics teachers as possible and involve them in 

common projects. 

 

I have developed an education system for the popularization and processing of particle physics, in 

which colleagues participated from the Roland Eötvös Physical Society, the group organizing the 

annual teaching programmes of Hungarian physics teachers at CERN, and the REGARD research 

group of Wigner RCP. I have prepared teaching materials introducing the micro world, which can 

be used in high schools. I have shown to physics and chemistry teachers my methods to teach 

particle physics and many of them are applied already. I used a new method to analyze the visible 

and invisible tracks recorded in traditional methods like the cloud chamber. I have written a 

programme for processing particle physics in high school, which includes a thematics for study 

circles as well. In continuing education I provided the possibility for many teachers to join the 

programme to build detectors for cosmic muons. I help colleagues to organize study trips for 

students to CERN. 

 

As a result of these activities more and more physics teachers are engaged in trying to include 

particle physics in the curriculum of high school and provides help to their students to deepen their 

knowledge in the given topic. 

 

Related publication: [6], lecture: [12]. 

 

Summary 

 

In our changing era of informatics we have to take into account the changes in the interest of our 

students. Together with the unavoidability of classical physics, the physics of the 20th and 21st 

centuries must have a role of increasing importance and also those discoveries which took place in 

the era when the students grew up. Thus it is obligatory that particle physics as a subject got in the 

studies. In my experience the students are much more interested in the results of modern physics, 

they find more interesting to join present-day experiments, than to study the laws of classical 

physics. We must use this change, and provide the most possibilities for the students to explore and 

extend this interest. 

 

My fruitful collaboration of many years the Wigner RCP makes it unambiguous for me that in 

addition to educating our teachers we should provide our students the enormous possibility to be 

included in research work, to see how research is done. Their activity with the help and support of  

physicists will raise their need to extend their knowledge in physics, and this way even the class 

work will be come easier and more useful. The number of hours of physics classes is very low, so 

the extra-currucurial activities are very important. Such a subject as particle physics can be 

introduced to the students in the afternoons only, in study circles and elective courses. On the other 

hand this provides a possibility to more quiet and efficient work, and also to common thinking. 

More involved work as building devices is possible in such occasions, and so those teachers who 

wants to reach more than just pass over the necessary subjects, have to devote themselves in the 

afternoons to the interested students. After such teaching of several decades I can state it is worth 



doing: our students may become the engineer and scientist of the future and will think good of the 

time spent with us. 


