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Preface 
 

There are a lot of everyday phenomena around us which are described and explained 

by physics only in the recent years, because until now the appropriate terminology system was 

missing, or the measurement devices and the fast data processing computers for the proper 

model calculations have not been discovered yet. These phenomena do not even belong to the 

“modern chapters” of the secondary school physics curriculum, as when our curriculum was 

developed, and the topics for teaching were collected, much sooner the spread of the 

computers, these phenomena were not in the focus of physical research. These chapters are 

also missing from the education of the active physics teachers. This is why, these topics   

several ones are in the frontiers of different sciences  usually do not even appear in physics 

lessons, only sometimes they turn up tangentially during geography, biology, or computer 

science, as curiosities.  

In our days, more and more problems of the secondary school science education 

become clearly apparent, and they need urgent care. It became getting harder the preparation 

of our pupils for their tasks on the expected level of either the general cultural knowledge, or 

talent care. As physics teachers, we are facing many times the fact that our traditionally well 

functioning methods are not efficient any more. Our time is the age of the permanent 

educational reforms, and it seems as if to find the suitable methods for the successful physics 

(and other science subjects) education were less and less succeeded. A very serious problem is 

the motivation of the pupils who are not interested in physics, especially if they have 

deficiency in basic mathematics. It became a general fact that the not-so-talented pupils do not 

take pleasure in the problem solving which is one of the most important fields of the 

traditional development of the way of thinking in physics. The virtual reality has changed 

greatly the way of working, and learning habits of the coming generation, and we have not 

found the proper answers for these problems yet.  

 

Aims 
 

In my doctorial project I have considered such everyday phenomena from our life, 

which are investigated in details by science only in the recent years, or if it was investigated 

before , then the topic became into the focus of interest nowadays. I have investigated how to 

apply these topics, belonging to the chapter of “non-traditional modern physics”, in the 
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secondary school physics education. I have studied how to insert these phenomena to the 

program of the normal physics lessons, as well as in talent care. My aim was to create 

educational units, modules, which can be applied in lessons or for physics study groups. 

Accordingly, in the case of some of the topics, I have produced methodological 

recommendations corresponding to the general or talent care level. 

In talent care, it is a general controversy that besides problem solving we need other 

methods to increase the pupils’ knowledge, or to form and widen their appropriate aspects. 

During my doctorial project, in Berzsenyi Grammar School (my workplace), I have created 

the project-based self-study system of talent care. In my intention, the whole physics teacher 

team of my school took part, and with their cooperation I have built the basis of the tradition 

of the physics self-study and self-development group and the physics camp. The pedagogical 

aim of the project work is to produce products by the pupils working in groups with only a 

limited teacher’s help, which are considered by the pupils interesting and useful, while their 

knowledge is increasing, and they are able to understand deeper connections, even 

unwittingly. In these projects, year by year, always several different topics are covered, but we 

always make efforts to deal with “non-traditional modern physics” phenomena and 

applications investigating them with up-to-date measurement devices in the programme. In 

this way, we, the teachers can meet new topics and new instruments, and we can learn from 

each other, so the background physics knowledge of the teachers can be developed. I firmly 

believe that while the direct aim of our physics camps is the talent care of our pupils, but the 

members of the physics teacher team in my school also still have much to gain and develop 

from the common cooperation.  

 
 

1. The presentation of significance of heat transfer through two 
environmental examples 
 

The environmental physics offers many phenomena which have serious effects on 

our everyday life, but they are investigated in details by the researchers only recently. 

These phenomena are studied generally in the geography lessons, mostly with empirical 

descriptions, and simplified explanations. I have proved that a few of them fit better to 

the physics lessons, although traditionally they are not dealt there. The phenomena 

connected to heat transfer are especially suitable for the study during the secondary 

school physics lessons, as they can understand with the help of everyday experiences, but 

they often show some surprising features. 
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Similar to hydrostatics, even the heat transfer was also missing in the requirements of 

the national final exams (Baccalaureates) in physics during my doctorial period, but even this 

chapter cannot be neglected from the basis of the science education seeking environmental 

consciousness. I have presented two simple experiments, which are connected to the seas (or 

oceans). In both cases, there is a methodologically important element, namely, the colours of 

the water with different temperatures and/or salt concentrations are different, so the 

observations of the heat convection, or the opposite, the stabile layer production become very 

impressive.  

An experiment for the warming effect of the seas, which can be demonstrated easily, 

has been presented. In a large cucumber jar, the water is warming from the top with the help 

of an immersion heater, and some food dye is dropped on the surface of the water. The food 

dye paints the upper warmed water layer by the starting heat convection, but surprisingly, the 

coloured layer expands only to the upper part of the jar even after hours, and a sharp boundary 

layer separates the coloured and non-coloured regions. With the help of this arrangement it 

can be shown that the sufficiently deep liquids, warmed from the top, cannot have 

homogeneous temperature distributions, just above the boundary layer the temperature of the 

liquid is much larger than under the layer, and the depth of the warmed layer depends on the 

heating power. In this way an important environmental phenomenon can be demonstrated, 

namely, our natural fluids, the air and the water cannot reach thermodynamic equilibrium, 

they are always in some non-equilibrium state.  

The expression thermocline (or metalimnion in lakes) is not usual in the Hungarian 

secondary school science education, but this is an important element of the temperature 

distribution of oceans. This is a thin, boundary layer at the depth of 50–200 metres, which 

separates the upper (lighter) water layer, close to the surface, with lower salt content and 

higher temperatures, and the cold deep water with thickness of 3–4 km, and higher salt 

concentration. Actually, the demonstration above shows the formation of the thermocline in 

the size of a cucumber jar. 

In normal classes my aims were to demonstrate the formation of the thermocline with 

visual experiences, and to show the surprisingly large temperature difference above and under 

the boundary layer with touching the jar directly with naked hand, and to understand the 

phenomenon qualitatively. During a course of a study group for talented pupils, we have done 

measurements too.  The time dependence of the thickness of the warmed layer has been 

determined, and from this we have found that this thickness approaches exponentially to an 
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equilibrium value depending on the heating power. I have presented the description of the 

measurement, and the methodological recommendations. 

An important environmental problem, connected to the climate change, is the melting 

of the polar ice cover. The isolated icebergs drift very far on the oceans, they can reach even 

the line of latitude of 50 degrees, where the surface temperature of the sea is much higher, 

than the melting point of ice. I have created a simple demonstration for the observation and 

explanation of the surprisingly long melting of icebergs in brine. With my students I have 

observed melting of ice cubes in tap water and in salted water with identical temperatures. 

The melting lasts much longer in the salted water, because the density of the melted fresh 

water of the ice cube is smaller, than that of the salted water, so there is no heat convection, 

the ice cubes are floating in their cold melt-water. In the tap water, the denser cold melt-water 

sinks, warmer water layers are moving to its place, and the convection formed fasten the 

melting process. The phenomenon can be observed easily, if painted ice cubes with food dye 

are used. I have tried this demonstration in different educational situations, in different age 

groups, and I have fitted the methods of the presentation and explanation according to the 

situations. 

Publications connected to the thesis: [1], [7]. 

 

2. Investigations of eject phenomena 

 
The eject processes, like the geyser activity in large scale, or the functioning of the 

coffee machine, or the chuffing of the candle produced steam-propulsion toy-ship in 

small scale, belong to an attractive group of complex phenomena for pupils. I have 

shown that the common study of these phenomena, which seem very far from each other, 

is not only enjoyable for the pupils, but more understandable, when each is building on 

the other. 

Warming a pipe, full of water, at a particular point, with constant heating power, result 

the quasi-periodic ejects of water from the pipe. With the common study of these three areas 

of the everyday life, I have produced an educational module, which can be used even in 

classes of pupils with humane interest. In the basic level, the understanding of the phenomena 

does not need mathematical calculations, but because of their complexity, they can give 

possibility for deepening the way of thinking in physics.  
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In many households we can find the (“American”) coffee machine with filters, in 

which the hot water drips through the coffee blend in a paper filter placed on the top of the 

pitcher; this is the coffee-making method. With my students of a study group I have built a 

model made of bent glass tubes and a glass funnel for the observation of the functioning of the 

structure. The model helps to understand the process, as it takes place in front of our eyes, and 

it gives possibilities even to perform different measurements. The data processing of these 

measurements is the topic of the next thesis. 

 The candle produced steam-propulsion toy-ship offers an outlook to the direction of 

mechanics. This toy is familiar for many children, but the understanding, how it works, is 

possible clearly only after the analysis of the functioning of the coffee machine. 

The functioning of the geysers is the most complex of the three phenomena. As the 

pressure dependence of the boiling point of water, and the geothermal gradient have important 

roles in the functioning of the phenomena, so its model investigation can be realized only 

partially in the school, but even so it is very instructive.  

Publication connected to the thesis:  [5]. 

 

 

 3. Modelling and computer simulation of the ejects 
 

The functioning of the coffee machine model has brought up the occurrent 

possibility of its chaotic behaviour.  It has brought up also, whether the lengths of the 

ejects, like the earthquakes, obey the power-law distribution. I have done measurements, 

and made statistics on the lengths of ejects, the amounts of water of the particular ejects, 

and the so-called warming times lasting between the successive ejects. The distribution 

of all of these three quantities has turned out to be exponential.  

For the interpretation of the experimental results, with the help of one of my 

supervisors, Professor Zoltán Néda, I have produced a dynamic model, and I have done 

computer simulations according to our model. The boiling is modelling with the eject-like 

production of the steam bubbles, which can be interpreted so that the water column is exerted 

accidentally by impacts with different magnitudes starting from the bottom. Under the effects 

of these impacts, the water column rises, and it falls back or some of the water is ejected from 

the tube. We have shown that according to the results of the simulation, the lengths of ejects, 
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the amounts of water of the particular ejects, and the warming times can be fitted to the 

measurement data to good approximation, they follow the exponential distribution. 

I have done the measurements together with my students. The model creation and the 

production of the computer simulation have extended beyond the secondary school frames, 

but the interpretation of the model, the running of the simulation programme, and the 

comparison of the results of the simulation and the measurement data have happened together 

with the most talented students. 

Publication connected to the thesis: [5]. 

 

4. Physics of fluids in talent care 
 

The phenomena in fluid physics can be apply very efficiently in talent care. I have 

shown that the study of the so-called hydraulic jump, which is not included in the 

secondary physics curriculum, is especially suitable for these purposes. 

Although the hydrostatics and hydrodynamics were not included in the secondary 

school curriculums for a long time, most teachers are taking some time for these topics 

because of their importance and practical applications. I have shown an innovative 

demonstration in this field, which can be realized easily.  Place a (copper) disk, with a small 

pit in the middle, under the water jet of the kitchen sink. Surprisingly, the disk is floating on 

the water, and on its surface, the hydraulic jump appears. With this demonstration, in the 

secondary schools the pupils can study about the hydraulic jump, which happens quite often 

in their environment, but it became subject of research only recently.  

I have tried the demonstration in normal classes, as well in classes with humane 

interest, and because of the surprising behaviour of the disk, it became suitable to increase the 

attention of the pupils. In these groups our study was limited only to the interpretation of the 

phenomenon. For the talent care, the experiment offers several deeper investigations. In the 

courses of study groups, I have made measurements, calculations, and estimations with my 

students. I have found a simple, secondary school level model about the important role of the 

viscosity of liquids on the formation of the hydraulic jump in the case of fluid flow through a 

tube with constant cross-sectional area. 

The copper disk can float on the surface of water at rest too. I have proved that the 

common conception in physics education that only the surface tension holds the disk, is false.   

Publications connected to the thesis: [3], [6] . 
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5. Self-organization and avalanches in study-group works 
 

The avalanche formation and its modelling became the active object of research 

in physics in the last 30-40 years. This type of phenomena is called by the researchers 

self-organized criticality. I have investigated how it is possible to insert the sandpile 

model describing the avalanches into the frames of the secondary school education. I 

have found, it is very attractive among the pupils that they are able to understand   

deeply a phenomenon in nature, which seems (at the first sight) very sophisticated and 

frightful, with the help of a computer programme based on a simple model.   

In the sandpile model of avalanches, the “snowflakes” are falling randomly on the 

square-shaped “snow-field”, which is divided by a square lattice. When the snow-wreath 

becomes too high anywhere, then it slides downwards there. According to the model, if 

already four snowflakes have fallen to one of the lattice points, then all of the four snowflakes 

will move to one of the four neighbouring lattice points. So, in the neighbouring lattice points 

the number of snowflakes increases by one, while the particular lattice point will be empty. If 

in this way anyone of the neighbouring lattice points will be “full”, then the snowflakes are 

moving further, and so on. So, from time to time, longer chains of slipping are formed, which 

are called avalanches. From the edges of the snow-field, the moving snowflakes are falling 

down also like avalanches (in smaller or larger batches), and they are lost.  

The use of the model does not need deeper precognitions, the mechanism of the 

functioning can be understood easily. According to our experiences, the programming of the 

computer simulation is also not a very hard task for the pupils studying computer science in 

higher level. In the frame of talent care, as a project work, two of my students have dealt with 

the sandpile model with my mentoring. They studied the given papers and books, and then 

followed by a consultation, we have written a new programme for ourselves. The programme 

visualizes the lattice points, and the number of snowflakes is denoted by different colours at 

any particular lattice point, so the avalanches formed can be seen well. Besides this, the 

programme produces statistics on the lengths of the avalanches formed. In this way, my 

students could have learnt the power-law distribution, which appear in many different fields 

of science nowadays.   

The pupils, who decided to study at the technological or natural science universities 

following their secondary school education, have to choose another specialized subject for the 

school leaving exams (Baccalaureates) besides mathematics, which is generally physics or 
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computer science (informatics), but because of the lack of time, they do not choose both, 

although their future studies need the high level knowledge from these two subjects. 

Furthermore, the study of the sandpile model can be successful at the secondary schools, 

because it can present such an example connecting two different fields, in which the real tool 

of understanding of the physical world is the computer simulation. The sandpile model was an 

exciting problem for my students and for me, which gave the experience of the scientific 

research for us.  

 

6. Thermo-graphic camera in physics education 
 

Nowadays one of the well-known and exciting measurement devices is the infra 

camera.  In my doctorial project, I have shown that this instrument can be apply very 

well in the physics teaching.  

With a group of eleventh grade pupils I have made infra images for three days in the 

frame of a project. Our experiments and investigations have demonstrated the law studied 

earlier, but we met some thermal conduction and thermal equalization phenomena too. In the 

processes investigated, mostly the changes of the temperatures take place during a very short 

time, or it happens in a very small volume, so the observation using traditional thermometers 

are not convenient, or impossible. The very sensitive infra camera gave the possibility to 

visualize the changes in temperature besides the theoretical description of the given 

phenomenon. This caused a very strange experience for all of us. We have investigated some 

examples of the transformation of the mechanical work into heat, the changes of thermal 

states of gases causing temperature changes, the formation of Joule heat, heat transfer and 

thermal optics phenomena. Following the three days of the project, I worked together with the 

pupils for a long time, we have systematized the image photos, we have written explanation 

texts, and we have created a home-page, which is open for everybody. In this way we have 

created such a digital material, which is used not only by the teachers of my school, but also 

the colleagues of other schools.  

Publications connected to the thesis: [4], [7]. 

 

7. Physics camp 
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One of the traditional forms of the talent care in physics is the problem solving 

course. According to my experiences, in many times this cannot give enough motivation 

even for the pupils who decided to study at technical universities after their grammar 

school education. As the leader of the physics teachers’ group at my school, I have 

created a program based on project works, in which the pupils are working in small 

groups with some tutorage by teachers, but quite independently with different topics.  

In the mentoring program of the physics camp, all of the members of our physics team 

with seven teachers take part. I try to encourage my colleagues to find interesting topics, 

which are beyond the normal curriculum, and new not only for the pupils, but also for the 

teachers, so they can experience together the joy of the discovery and the production. The 

physics camps, which are traditionally at the end of the school year, became a great 

motivation source for the talented pupils in physics, they are ready to do detailed studies on 

their topics, it becomes a prestige for them to understand deeply the phenomena, to do 

interesting experiments, measurements as accurate as possible, and finally during the camp to 

give successful presentations to the participants. Besides the presentations of the pupils, the 

programme of the camp consists of different measurements, problem solving in groups and 

for individuals, evening lectures, and astronomic observations with the telescope of the 

school. I have shown that the project work and the physics camp are very effective 

possibilities of the talent care, and it is possible to find interesting tasks with suitable levels 

for the talented students to strengthen their motivation in physics.   

Publications connected to the thesis:  [1], [2], [3], [6]. 
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Summary, future plans 
 

During my doctorial project, I have investigated the possibilities how to apply such 

phenomena, which became to the researchers’ focus in our time. These are not very far from 

our everyday experiences, this is why, according to my experiences with the help of these 

topics, it is possible to present new subject-matters in the physics lessons, which are suitable 

to arouse the interest of pupils who usually resist physics. For those pupils who are deeply 

interested in physics, these interesting phenomena can give the possibilities for doing 

measurements, creating models, writing computer simulations, so these topics can mean the 

field of the talent care based on project works. Among my future plans, I have the extension 

of these phenomena, as the number of the non-traditional modern physics topics is very large. 

I will write work-sheets and a reference book for teachers, and as new modules, these 

materials will be the part of skills of our physics teacher team. 

With the help of the organization of the physics self-study group, and the physics 

camp, I have found new forms of teaching of talented students. Several students from my 

school took part in different competitions, where they achieved success. As the leader of the 

physics teacher team of my school, I have got enough help from the board of the school to 

organize the study group courses and the camp, which is now already in the pedagogical 

programme of the school. All of the physics teachers of the school take part in this common 

job, which helps to save the professional openness of the physics teachers’ team. The physics 

camp has become a traditional event for the talented pupils in each academic year. The camp 

needs new topics, and in our fast changing world, I am sure that we will be able to find more 

and more “non-traditional modern physics” subject-matters. We are seeking financial sources 

for the camp in each year. I hope that the personal and financial conditions, which are 

necessary to continue the talent care in the physics camp and the self-study groups, will 

remain unchanged at my school. 

. 
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