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Introduction 

 
The attitude of high school students to physics has been changed in the last 

decades. There is less number of students who choose this subject as an 

important part of their future profession. On the other hand there is a subject, 

which has raising interest nowadays and uses physics as well. This topic is the 

environmental physics. As the environmental physics has been involved into the 

curriculum of the science universities, there is a need in high school teaching to 

develop new curricula. In the new curriculum initiative in Hungary there are the 

elements of environmental physics, but the detailed practical and usable 

curricula are to be developed in details.  

To improve the current status of the high school physics teachers need to find 

new methods, new curricula or new ways to motivate students. A suitable field 

can be the physics of the environmental issues, like the question of energy 

supplies, the climate changes and many related phenomena like ocean flows or 

atmospheric flows, just to mention some examples.  

 

In my thesis I describe some possibilities of teaching environmental physics 

in high school (not only in physics classes but with the standards of the physics) 

with special regards to the borders of the geography and physics. I have built my 

experience, my classroom investigations not only on the regular courses but on 

an extracurricular optional class in the topic of environmental physics, that I 

have been conducting for several years. There are no requirements for the 

teaching output at this extra work, but there are possibilities to try different 

teaching methods.  

 

The most important topics of environmental physics in the university 

teaching and research are the following five areas: noise and noise savety, 

radiation and radiation protection, environmental material science, 

environmental flow and the energy question including supplies, usage, 



production. The two last issues are the closest ones to the curriculum of the high 

school geography. 

 

The phenomena on rotating Earth of  large scale atmospheric and ocean 

flows can be hardly understood without extending the high school physics 

curricula. But these phenomena are listed in the teaching requirements of 

geography in high school. One basic element of the understanding these 

phenomena on rotating Earth is the Coriolis force which requires mathematical 

knowledge not included in the high school general curriculum in high school. 

The Coriolis force has dropped out from the high school physics but, on the 

other hand, the geography kept on teaching the corresponding phenomena, of 

course without a correct physics interpretation. I describe some possible 

solutions in my thesis.  

 

I dealt in details with the question of solar energy as a representative part of 

the complex energy question, since it is the main force behind many phenomena 

in nature. It is worth to investigate this topic in a complex way since the energy 

concept is used in many curriculums, science classes but in fact always in a 

different way and the students are not forced to synthesize those different 

approaches. My experiences show that this synthesis can be carried out 

investigating and teaching the processes in a solar dryer. An advantage of this 

device is that it is cheep, and it can be easily fabricated at home. It is applicable 

for measurements, quantitative observations which is an important issue and 

also for qualitative observations and thoughts. The device has motivation 

abilities since it is practical and reachable for everybody as a homemade 

instrument.  

 

 

 

 



Theses: 

 

1. Measurements with solar dryer 

 

During the extracurricular classes as a project work with my students we 

planned and built a solar dryer. The dryer consists of 2 main parts: a solar 

collector and a dryer box. In the dryer box the air temperature  can reach 70 °C 

and the drying procedure of fruits and vegetables is carried out at this high 

temperature. We made a detailed documentation to share the information with 

other high school teachers. We executed many systematic measurements to 

investigate the dryer. As an easily comparable and understandable feature we 

investigated the energy conversion efficiency at the different processes of the 

dryer. The energy requires for drying real food is hardly measurable, therefore 

we investigated the evaporation of a simple dish of water. For quantitative 

experiences we measured the time dependence of the mass of water and the 

intensity of solar radiation. We investigated the effects of the different parts on 

the temperature of the outgoing air, as well. We made reproducible 

measurements in classroom using a standard reflector as light source to 

investigate the effects of the absorber material and its geometrical location. The 

principal result of this project was that the students were able to use in practice 

the concepts they had learnt in frontal teaching.  

 

2. The synthesis of the concept of energy using the solar dryer as an 

example   

The energy is one of the most difficult basic concept that is used in several field 

of science. I demonstrated that the dryer is such a device that it performs several 

energy conversions including examples from different parts of the physics 

courses and from biology and chemistry as well. Moreover the greenhouse effect 

in the collector part of the dryer demonstrates the greenhouse effect that is part 



of the geography curriculum. Therefore it is suitable for incorporating the 

energy concept used in different disciplines. This device helps to improve 

serious conceptual lacks in understanding energy and enable or require the use 

of energy conservation from many pints of views. I developed open air 

measurements that was processed in group works and extended the knowledge 

and understanding of the students in the topics that they learnt in the classroom.  

 

3. Investigations using electric dryer 

The electric dryer is an instrument that is suitable for making measurements just 

like with the solar dryer, but eliminating the hardy controllable environmental 

parameters (like the intensity of the solar radiation is not constant in time). We 

have a possibility to investigate processes that are influenced by fewer 

circumstances. Therefore it is more easy to draw understandable quantitative 

conclusions. I determined the mass decrease of fruits during the drying process, 

and compared them with the information in the literature. I used a simple model 

for the mass decrease of complex fluids to describe the data and made an 

attempt to include this phenomenon into the topics extracurricular class on 

environmental physics using an interactive demonstration.  

 

4. One possible introduction of the Coriolis effect 

 I developed a simple experiment to demonstrate the deflection of the trajectory 

of a straight accelerationless motion in a rotating coordinate system. It can be 

executed in classroom, and a relationship can be drawn from the their own 

quantitative experiences. That gives the bases of the understanding instead of 

applying hard mathematics. In the experiment there are two papers (A4 size) 

that was previously cut from one side to the center and the two are adjusted into 

each other to have their center at the same point. These sheets can be rotated on 



each other. If one draw a line at the edge of the cut of one sheet and the other 

student rotates the other sheet the trajectory on this other one will show the 

deflection from the straight line. This curve is analyzable using compass and 

ruler. The measure of the deflection can be determined without the use of 

Coriolis force. The phenomena traditionally interpreted using Coriolis force can 

be understood using the experienced relationship of the relative deflection and 

the distance. Using this relationship the students can estimate the deflection of 

of realistic motions on rotating Earth like cyclones, canon shoots, trade wind etc. 

those like very important during the geography classes.  

 

5. Inertial rotation, a model and numerical simulation of the Foucault 

pendulum  

The investigation of the rotating coordinate system was subject of the 

extracurricular class using a adjustable angular momentum table. We executed 

measurements including a camera corotating with the table. Simple metal balls 

were used first. An obvious experience could be drawn without quantitative 

analysis: There is extra force in the Newtonian framework in the rotating 

system. The trajectories of a pendulum on the rotating table were observed using 

paint spilling out of the ball of the pendulum. The boundary conditions (angular 

momentum of the table and the initial velocity of the ball) were changed and 

their effects were observed. The students observed the closed trajectories and 

noted the boundary conditions required for these. They observed that the shape 

of the trajectory depends on the ratio of the time periods of the pendulum and 

the rotation. These observations were investigated also using simulation 

software were more boundary conditions were available to observe. With the 

help of this software we introduced the Rossby number (that is important in case 

of the real environmental flows).   

 



6. Similarity of the flows in rotating systems 

To extend the topics of the extracurricular classes I developed another 

experiment that demonstrates a model of large-scale environmental flows. Using 

the Rossby number a similarity of room scale experiments and real scale cases 

was set first. The experiment included an electric potter’s wheel and a plastic 

cylinder. The students observed how the trajectories (paint was injected into the 

rotating water) changes with different angular momentum or with introducing 

temperature gradient in the water. This experiment is one of the first possible 

cases when phenomena taught in geography classes and using physics 

background can be demonstrated in a classroom.  

 

7. The possible use of environmental physics in talent education 

In my previous theses I described a few possible new methods in physics 

teaching that were practiced in an extracurricular class where students were 

volunteers. This kind of teaching is a kind of talent education. Therefore I 

gained experience from this point of view as well.  

In these environmental physics topics we faced to several projects to solve, like 

building and planning a device, solving general problems according to the 

operation of the devices, solving open-end questions etc. These problems cannot 

occur in frontal teaching therefore will improve several extra skills of the 

students. The data analysis was frequently a question mathematical skills were 

also improved. These successes in extra projects made the participating students 

committed to carriers including physics (they attended to universities like 

medical school, engineering or science) and they participated on competitions 

with a satisfactory success.  

The work of talent education affected the regular classes, as well. Based on 

these experiences I developed a module for science group including 



environmental physics experiments. I realized the tight relationship between 

geography and physics classes and I developed curricula to introduce 

phenomena in geography meeting physics standards.   
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