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GREETINGS TO THE READERS

Physics is one of the most important branches of natural science and a field of research deeply
affecting our daily life through its practical applications. This discipline is also at the core of
many scientific achievements of chemistry and biology that are based on physics. Still,
learning Physics in public or even in higher education nowadays seems to be less than popular
among students. A general aversion of society towards this field is another unfortunate
phenomenon of our times.

Among the various possible reasons of this problem, a major one is certainly the fact that
learning Physics is difficult indeed. Nature is complicated and exact descriptions of its
phenomena and processes are necessarily complicated, too. Many students, however, dislike,
and, if possible, avoid difficulties and complications — unless scientific problems are
presented in a relevant, authentic and inspiring manner.

Therefore, the conference “Teaching Physics Innovatively” was crucial for the future of
science in society, it had an important mission accomplished successfully in August 2015 in
Budapest. We were privileged to have hosted the TPI-15 international conference at E6tvos
Lorand University, and congratulate the organizers and participants for all of their efforts and
results presented in these Proceedings.

Péter Surjan
Dean, Faculty of Science,
ELTE Eo6tvos Lorand University
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PREFACE TO THE PRINTED EDITION

Within the framework of the prestigious conference series entitled "E6tvos Workshops", the
conference, "Teaching Physics Innovatively — New Learning Environments and Methods in
Physics Education" (TPI-15) took place at the Faculty of Science of E6tvds Lorand University
(ELTE), Budapest, in 17-19 August 2015. The main organizer of the conference was the
Graduate School for Physics of ELTE, in particular, its Physics Education program.

The history of this program goes back to 2007, when as a possible measure against the
continuous decrease of interest in physics among high school students, the Graduate School
for Physics decided to launch the Physics Education doctoral program. Earlier, teachers had
the possibility to earn a PhD degree in Physics by carrying out scientific research only, or a
PhD degree in Education, a field where Physics plays a minor role. The new program declares
that establishing a novel, inspiring way of teaching modern or classical aspects of physics in a
class is an achievement equivalent to traditional research results. The program is open for
active high school teachers, or for lecturers at BSc study programs who do not possess a PhD
degree. The Budapest Program is special since is tailored specifically for the needs of teacher-
students. Candidates carry out their research at their own school.

Results of the candidate’s research in physics education should be published during or right
after their studies. We request at least one publication in a peer-reviewed international journal
(for instance, Journal of Physics, Physics Education, European Journal of Physics, Physics
Teacher, Physik in der Schule). We urge therefore (and support as much as we can) their
participation at international conferences. Three other publications are requested in
appropriate Hungarian journals. The participation at local physics teacher conferences is also
strongly recommended.

To support the need for intensive exchanges of ideas, we organized a sequence of three
conferences in the past years. Interestingly, even these turned out to be international meetings,
though with Hungarian as the working language. This is due to a rather special situation we
have to face: a physics teacher teaching Physics at a school in Hungarian language might be a
citizen of Hungary, or any of the seven neighbouring countries with Hungarian-speaking
minorities. TPI-15 was our first international conference in the traditional sense, with English
as the working language. We received an overwhelmingly positive reaction to our call, and
TPI-15 was attended by about 100 participants, from 18 different countries. Our Physics
Education Graduate Program was represented by 29 PhD students, most of whom gave
contributed talks.

The event was organized in co-operation with the Hungarian project team of the European
project entitled Promoting Attainment of Responsible Research and Innovation in Science
Education (PARRISE). ELTE is a member of the Consortium which is led by the Freudenthal
Institute for Science and Mathematics Education (Flsme), Utrecht University and consists of
18 teams representing distinguished institutions from 11 countries (for details, see the
project's webpage: http://www.parrise.eu/).

PARRISE has developed a framework for Socio-Scientific Inquiry-Based Learning (SSIBL), a
novel pedagogical approach based on four interacting concepts and approaches: Responsible
Research and Innovation (RRI), Socio-Scientific Issues (SSI), Citizenship Education (CE) and
Inquiry-Based Science Education (IBSE). A detailed summary of the approach is given in the



introductory presentation written by Andrea Karpati, on the next pages. The consortium
regularly reports about important related events: the 2015 December issue of the PARRISE
Newsletter included a one-page summary of our conference, which we reprint as a page
attached to this preface. The choice of some of the main topics of the conference (as can be
seen at its webpage: http://parrise.elte.hu/tpi-15/) were developed as a cooperative efforts of
the two partners.

The same spirit is reflected in the choice of the sectioning of this proceedings. All the keynote
speakers kindly provided us with a written version of their talk. They appear here along with
almost all the contributed presentations. The effort and positive reaction of our participants
expresses the fact that there is an increasing international interest in novel approaches. The
benefit of the meeting for the teaching community in Hungary is shown by the fact that new
directions, never existing before, seem to have been established, such as the inclusion of novel
socially sensitive issues in physics teaching and experience based Science Centre physics.
Parallel to this, we may also witness the strengthening of the inquiry-based learning approach,
and an increasing interest in environmental aspects, as reflected also by the contributions
included in this volume.

We would like to thank all our contributors for providing insightful and well-written articles,
and our referees who increased the professional quality of this volume. (All contributed papers
were seen by one referee at least.) The members of the Scientific and the Local Organizing
Committees (cf. http://parrise.elte.hu/tpi-15/) helped us not only in the preparation and
running of the meeting, but also in organizational problems arising during the editing process.

Special thanks are due to the Paks Nuclear Power Plant for organising a guided tour with
detailed scientific explanation and discussion of related social issues to all accessible parts at
their Maintenance Centre, at a rather late time, after the closing of the conference. Another
partially related event at the meeting was the Expert Roundtable on socially sensitive issues.
We are thankful to Laszlé Egyed, science communicator and founding Director of the Palace
of Miracles, the first Hungarian science centre, for organizing and moderating this important
discussion. The report about the visit to the power plant, and a written version of the
roundtable are special highlights of this proceedings.

The technical help in the organizational issues of the conference provided by the Hungarian
Physical Society is acknowledged, as well as the financial support from the Hungarian
Academy of Sciences (HAS), the program of International Year of Light 2015, the Pazmany-
E6tvos Foundation, and the ELTE E6tvos Lorand University.

The printing costs of this book, which follows the e-book edition published online in 2016,
was covered by a special program of HAS. In the present volume a number of misprints have
been corrected and some links to online sources have been updated. The editorial preparation
of this book was funded by the Content Pedagogy Research Program of HAS.

We hope to provide you with an insightful and enjoyable conference proceedings, the editors,

Andrea Kiraly Tamas T¢l
Coordinator of the Hungarian PARRISE Head of the PhD program for
project team Physics Education

July, 2017.
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Teaching physics innovately

ty Marta Javor & Andrea Karpati
Eotvos Lorand University, Hungary

An International confarence was organizec
atthe enc of the summer in Budapest about
how to teach physics innovatively In
secondaty ecucation. Nowadays physics is
not the most popular subject in high school
~a fact that makes discussions about haw to
best teach physics more important. At the
confarence, teachars from several countries
shared their ideas about the mocer

secondary schools. Manny Saimi, from the
University of Helsinkd, a member of the
PARRISE External Acvisory Board,

p rol hips b formal
ecucation and informal learning via science
centres Uinke Feuded, professor of
theoratical physics of the Insttute for
Chemistry and Blology of the Marine

of physics education

The highlight of this conference was the
presentation of enviranmental and soclally
sensitive issues, and innovative teaching
methocs using the most recent I1
technology in formal and informal leaming
environment, such as science centres,
musaums and research stes Contributions
were organized around themes with direct
rebevance to soclally sensive issues in
schence edication and recent findings from
physics education research, The SSIBL
Framewark was introduced in a plenary
presentation and dscussed in paper
sessions. A rounditable discussion on socially
sentitive ssues, & G on nuclear enesgy, and
a visit to the Paks Nuclear Pownr Plant was
also used to highlight the impartance of a
SSIBL approach to sclence ecucation

The exchange of ideas during the
conference by 101 participants from 18
countries was inspired by invited speakers,
who inclucec well-known researchers.
Marisa Michedn, Presicent of GIREP
{international Research Group on Physics
Teaching) was the first speaker about howto
develop modern physics’ thinking in

in Oldenburg gave insights
Inte intraducing stucents to camplex
systems in nature and their socio

envir C )y s

Witty experiments by Miha Kas, the founder
director of House of Experiments in
Ljubljana, Slovenia showed how
“doubtology” helps you avoid
misconceptions when llusions trick you
common sense. David Featonby from the
UK, physics teacher anc ambassador of
“Science on Stage Evrope”, presanted the
Sclence on Stage intemational network of
Innovative and sockally targeted sclence
education and its biennial festival, which will
next take place In Debrecen, Hungary in
2017, Zoltdn Néda, a Hungarian professor of
the University of Cluj-Napoca, and external
membar of the Hungaran Acacemy of
Sciences, cemonstrated how light and
kinematics experiments lead toa

about game theary anc its applications to
the uncerstanding of social and sclentific
phenomena. Mikids Vincze, 8 member of the
von Karman Laboratory of Environmental
Flows at E6tvs University, demonstrated
that flukd dynamical experiments can
farbfully model phenomena, even
ph related to d change. The
researchers of the Institute for Nuckear
Research at Debrecen developed an
entetalning acventure game which can
belp students to understand nuclear
systems and processes. Zsolf FUldp, the
cirectoe of the institute, showed
participating teachers how to use this game
for cevelaping a firm knowledge base as
well a3 sensitizing stucents about social
Issuas acound the use of nuckear anergy In
connection with this cruclally important
Issue for the Hungarian society, Attila
As24di, professor at the University of
Technology and Economics in Bucapast,
ciscussed the sclentific, economic and
social Issues of the enlargement of the
Nuchear Power Plant in the town of Paks,
ako explaining the problems regarding Its
public acceptance

In the conference sessions, speakers

desper uncerstancing of the basics of the
theary of relativity, as part of the

celebs cfthe “int wal Yeor of
Light” in 2015

Paticipants enjoyed an excling lecture by
GyéGrgy S2abd, researchor of the Wigner
Research Centra for Physics in Budapest,

Fyure 135 Noond-tatde dscansion, participants (fram left Lo right)c Harmw Saiml (University of
Heldinkd, Finland), Tsolt FUlGp Minstitute for Nuciear Resesrch, Debirecen, Hungary), Attila
Asxddt (University of Techndlogy and Econamicy, Bucapett), David Fratonty (clence on Stage

furcpe, United Kingsom

Lioid Egyed moderator of the dheunien)

P d their favourite educational
project in nine areas. There were several
content areas that have not yet been
Included in the actual curriculum of physics,
however their social and scientific relevance
would make an inclusion justifable We had
60 cantributing speakers, anc mast of them
were high school teachars of physics. Many
of the Hungarians among them have learmt
about the SSIBL Framewark during a course
offered by the coctoral programme on
Physics Ecucation at Edtvas University.

The conference reachad &% pinnacle at the
round-tabie discussion about nuclear energy
use, 3 socially sensitive sue in Hungary that
kasto be reflected in science ecucation (see
Figure 15). An excursion to the town of Paks,
whaere participants visited the I'raining
Centre of the Nuclear Power Plant,
completec this cebate and showed how
teaching Physics is relevant for shaping
public opinion thraugh providing authentic
scientific information




viii



SOCIALLY RESPONSIBLE SCIENCE EDUCATION -
A CONTEMPORARY PEDAGOGICAL CHALLENGE

INTRODUCTORY PRESENTATION

The majority of European public is actively interested in, but does not feel informed about the
developments in science and technology, although at least half of all Europeans are interested
in these issues, according to Eurobarometer. In this survey, 59% of respondents claimed that
they had read articles and 47% talked to friends about recent results of scientific research in
printed press or on the internet. Civic activities related to issues of social relevance were,
however, rather limited: only 13% signed petitions or joined street demonstration, 10%
attended public debates about scientific issues of social relevance. Hungary is also among
those countries whose citizens claim not to be adequately informed about developments in
science and technology. This fact emphasizes the importance of science education in our
country. Science teachers are perhaps the most important shapers of the minds of young
citizens, and, through them, their families. They do not only distribute knowledge, — they also
share values and attitudes about the role of science in solving problems that define the ways
we live and shape our future.

The results of science education, therefore, are far more than attainment on knowledge tests.
Scientific knowledge may support political decisions and challenges of private life — or else,
its lack may result in public and private crises, even catastrophes. At this conference, speakers
have taken up this challenge and shown us ways to reconceptualise and retool science
education. Reconceptualization means being current: integrate new results in school curricula
and modify those that have become outdated. Refooling enables us to use cutting-edge
technology to experiment, explain and test knowledge and educate for discussions that further
scientific inquiry. Most educational models presented in this volume are interactive and
encourage participation in knowledge construction and also in discussions about the use of
research and innovation. Experimentation has always been at the core of Hungarian Physics
education, but the social issue-based approach presented here may be new and relevant in
turbulent times like the first decades of the 21™ century.

Science has primarily been taught in Hungarian schools as a knowledge system separate from
values and social justice, in which deduction is used to apply theoretical knowledge to solve
problems. We joined the

Promoting Attainment of Responsible Research and Innovation in Science Education
(PARRISE)

project, a Seventh Framework Program (Grant Agreement No. 612438, duration: 2014-2017)
in order to expand our perspectives and enrich our repertoire of socially responsive teaching
and education. The PARRISE team has developed and is now piloting a framework for Socio-
Scientific Inquiry-Based Learning (SSIBL) based on four components: Responsible Research
and Innovation (RRI), Socio-scientific Issues (SSI), Citizenship Education (CE) and IBSE
(Inquiry Based Science Education), — this last being its core element. The PARRISE Project
believes that science is intrinsically social and its products and processes are mediated through
power relations. Science education needs to address issues of social relevance and encourage
students to become responsible adults, able and willing to influence political decisions
influenced by scientific research. For Hungary, communicating socially sensitive issues
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through science education — a group of disciplines highly successful till the 1990s and fighting
problems of student disinterest and scarce funding for inquiry based approaches today — is
especially relevant. This conference was also a training opportunity where presentation, a
round-table discussion and an informal learning event (visit to the Paks Nuclear Power Plant)
has provided new insights about educational methods of presenting perhaps the most disputed
social issue related to science in Hungary: the expansion of the Paks Nuclear Power Plant. The
SSIBL Framework and other models introduced by our speakers have one idea in common: in
order to educate responsible citizens, we must make them aware not only of the potentials, but
also the challenges and risks of scientific discoveries and show how they were solved. A
deeper understanding may lead to changing mind sets and embracing solutions that had been
considered unacceptable before.

This conference was dedicated to the encounter of teachers and scientists — mediators and
promoters of Physics. Science teachers seem to have an inclination to identify themselves with
scientists as role models — however, their mission reaches far beyond the interpretation of
results. Teachers have to possess affective skills and social competences that make them more
than science communicators and assume the role of science educators. Mapping controversies
in social debates about the utilisation of research and innovation (like the use of nuclear
energy) and providing authentic standpoints (impartial representation of scientifically valid
viewpoints) are basic requirements for responsible science education. Promoting reflection
and collaboration in resolving disputes and developing arguments based on facts and laws
taught are educational targets that are crucial for developing democratic citizens. Criticality
and willingness to listen, respecting the viewpoints of others with openness and honesty,
engaging in discussions of controversy without injecting own biases, and the ability to reflect
present alternative viewpoints where necessary are attitudes much needed for responsible
citizenship — and often lacking in our contemporary society.

When manifesting the responsible researcher as role model, teachers of Physics often have to
face challenges that educators of liberal arts are likely to be spared of. Developing an
understanding of science-as-practise and show how scientists co-operate with each other and
with lay stakeholders for a common goal in research and development often involves
identifying controversies in how science is produced and applied, and sophisticated
presentation of the risks of never fully predictable technological and social outcomes.
Students should appreciate science as a human endeavour and construct with its limitations,
constraints and opportunities. Vivid discussions that characterised the conference sessions
where teachers faced researchers whose findings they were supposed to interpret at school,
showed concern on both sides to promote evidence based policy making through educating
the young to understand and appreciate scientific endeavours. The inquiry-based model of
Physics education that has been the dominant Hungarian educational paradigm for decades,
kept reoccurring during the conference. Detecting problems, developing hypotheses and
predictions, collecting and interpreting data and communicating results: this model is based
on experience of scientific procedures and ethics and is therefore a solid foundation for
socially responsible science education.

Andrea Karpati
on behalf of the Hungarian PARRISE
project team
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Bringing Space Science to life

BRINGING SPACE SCIENCE TO LIFE WITH MOBILE APPS,
SPACE AGENCIES AND HOLLYWOOD

DAVID CLAPP *
St. George’s British International School, Rome, Italy, dclappl @ gmail.com

ABSTRACT

Some media for teaching space science and astronomy are introduced to show how they can
provide a hook for gaining interest as well as providing authentic physics instruction. Four
specific examples are chosen: smartphone star-gazing, the use of European Space Agency
earth-monitoring satellite data, NASA exoplanet exploration and clips from some recent
Hollywood films.

INTRODUCTION

Astronomy and Space Science sit on the edge of many Physics curricula, an option rather
than centre-stage. However their appeal to young minds is strong and growing with the advent
of new space missions to discover alien life, dark matter, the origin of the universe, etc. The
possibilities for school-based experiments in this area may seem limited. A little imagination
and stretching of the school experiment concept reveals what can be done to engage secondary
students in a very active way.

Fig.1. Screenshot of Night Sky Lite mobile application showing the real-time path of the
International Space Station, ISS (dashed line) and the position of the Hubble Space Telescope

* Editorial note: the author was invited to give a keynote lecture at TPI-15, but unfortunately was unable
to attend. We are happy to publish the written version of his talk here.
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Teaching Physics Innovatively

APPS FOR ASTRONOMY

Night-school would have been a good option for the astronomy teacher. The unfortunate
obstacle to astronomical fieldwork for day-school students — where lessons are given during
daylight hours — is easily surmounted with the student’s smartphone: simply download one of
the many gps-enabled star-watcher apps and you have in your hand a tool to see the stars behind
the glare of blue sky or cover of grey cloud. Orientating a phone loaded with free or a low-cost
app such as “night sky” [1] allows the student to view planets, stars, galaxies and satellites as if
in their actual positions. Immediate access to information about a plethora of astronomical
objects is granted. This accessible tool gives an excellent starting place for the various topics
studied in secondary school astronomy. For example, the topic of orbital path may be
approached via discussion then location of the International Space Station. The app reveals real-
time position and orbital path of the ISS in the sky. Fig.1. shows a screenshot of this app,
tracking ISS with Hubble very close by. For older secondary students, orbital speeds may be
estimated, then orbital altitudes.

Fig.2. Composite image of the sea surface temperature of the Atlantic Ocean (the continent of
North America and Cuba in dark colors) which can be analysed by ESA softwares

USING SATELLITE DATA

For students with a stronger interest in the human condition, we can look the other way,
down from space to observe Earth. The European Space Agency (ESA) allows access to data
from its fleet of earth-monitoring satellites. Students may download a software tool, “Leoworks”
[2], in order to analyse the data. The ESA education department produces tutorials [3] to guide
students through image analysis in a range of contexts. As an example we look at a set of images
of the Atlantic Ocean taken in infra-red over a six month period. Fig.2. shows one such
composite image for one month in 2012. Wavelength is related to sea surface temperature and
colour-coded in the images, approximate range blue 275K to red 300K. Thus ocean currents and
seasonal changes are made visible.
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Fig.3. A centered transit light curve of Kepler-22b (dark blue dots), the first known exoplanet in
the habitable zone of a Sun-like star. Light blue dots indicate the difference between the
measured data and the fitted light curve (red line) on arnitrary scale.

PLANET-HUNTING

With the launch of the Kepler planet-hunting space telescope in 2009, the science fiction of
other worlds has been brought crashing into science reality. The hard data beamed down from
Kepler makes splendid material for the imaginative astronomy student. NASA provides tutorials
[4] to get students started on analysing the light curves of stars as their planets transit, the tiny
dips in brightness of the star being the starting point for a detective-trail to discover the nature of
these other worlds. Although not yet appearing in many syllabuses, exoplanet work allows a
new perspective on standard schoolwork about our own solar system: discussion of the
“Goldilocks Zone” and a link with life sciences through criteria for habitable planets. Fig.3.
shows a processed light curve for the famous Kepler 22b, the first known exoplanet in the
Goldilocks Zone of a Sun-like star. Students may use measurements from such light-curves in
detective work to deduce more information about the planet.

USING FILM CLIPS

Space has always been a popular theme for Hollywood. With the border between science fact
and science fiction always on the move and the familiarity of students with this medium from
the ease of online access, there are increasing possibilities to make good use of these films in
science lessons. Whether it is true-to-life drama as in the rescue of the Apollo 13 mission
(Fig.4.) or more speculative cinematography such as the visual representations of black holes as
in “Interstellar” (Fig.5.), by careful selection of appropriate clips we can tease out physical
principles. There are many good examples, but 2 suffice here.
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Fig.4. Screenshot from the movie "Apollo-13" [Universal Studios]

First the 1995 Universal Studios film “Apollo 13” [5] for which a series of short clips is
readily available online. The clips suffice both to indicate the plot and to give a sense of the
growing tension of the rescue mission. A “problem-solving” lesson may be constructed whereby
class viewing of the clips is interspersed with sessions where short problems related to each clip
are posed for the class groups. The problems cover a range of topics such as simple kinematics,
fuel consumption and current electricity via battery life. Fig.4. illustrates such a possibility with
the clip in which Ground Control solve the problem of fixing the CO, scrubbers with limited
materials.

Fig.5. Screenshot from the movie "Interstellar" [Warner Bros]

A second example is furnished by the 2014 Warner Brother’s film “Interstellar” [6], a film in
which the astrophysicist Kip Thorne [7] was intensively involved in order to sustain the
scientific integrity of the more speculative aspects of black-holes, worm-holes and time-travel!
Again, via a series of short clips, a lesson may be constructed that satisfies young people’s thirst
for discussion of matters at the very borders of scientific enquiry whilst still fulfilling some
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curricular requirements. Younger students may be posed simple physics calculations (density,
gravitational field strength and weight, speed, distance, time) and older students may consider
the problems thrown up by planets orbiting black holes. In Fig.5. the interstellar crew have
arrived on the watery “Miller’s Planet”, in orbit around a black hole. Time dilation is huge, local

gravity is 130% of Earth’s.

CONCLUSIONS

These four examples of how relatively new media may be used in the secondary school
Physics classroom are the tip of the iceberg of possibilities for engaging young minds with this
area of the curriculum. Although some imagination and time is required for teachers to design
the lessons and starting points for projects, help is at hand from space agencies and app
developers. The benefits for student motivation and enthusiasm far outweigh the investments.
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ABSTRACT

PARRISE ("Promoting Attainment of Responsible Research and Innovation in Science
Education", 2014-17) is a project of the 7th Framework of the European Union, involving a
transnational community of science teachers, trainers, communicators, and curriculum
experts from 18 institutions in 11 countries. Its major objective is to engage young people in
learning science through experiencing its societal impact. The paper introduces the
educational framework for socio-scientific inquiry-based learning (SSIBL) and shows results
of its implementation in a teacher professional development course series at ELTE University,
Faculty of Science, to enhance the pedagogical repertoire and increase affective components
of science literacy of teachers.

INTRODUCTION

In Hungary, student performance in national as well as international science surveys keeps
declining while best students still excel at International Student Olympics and other
competitions. Educational efforts seem mainly to target high performers and transmits
knowledge and skills necessary to embark on a scientific or technological career. We hope to
modify this situation through developing an awareness in science teachers towards socially
relevant issues — an aspect that is emphasized as increasingly important all over Europe,
according to a recent study by the European Commission [1]. When engaging in socially
relevant topics, a wider range of students may be motivated to learn science and eventually
become a better informed and more engaged citizen.

We joined the EU-supported Promoting Attainment of Responsible Research and
Innovation in Science Education (PARRISE) project to take part in the development and
adaptation of its new framework in collaborative, ICTs-supported learning environments for
use for establishing new in-service training programs for Physics teachers. Our major
objective is to provide alternatives for traditionally hierarchical, driven by methods
transmission in-service training and create a network of knowledge-builders —a community of
teachers supported by resources shared through digital technology (the Moodle e-learning
environment and social computing tools). A training course for experienced and innovative
teacher communities like those applying for admission to one of Hungary’s leading research
universities, seem to the best environment for presenting and adapting new models through
networked learning methods [2]. In this paper, we introduce the SSIBL concept and show
how it is being used for the professional development of Hungarian teachers.
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THE SSIBL FRAMEWORK: A NEW MODEL FOR INTRODUCING RESPONSIBLE
RESEARCH SCIENCE EDUCATION

The SSIBL Framework is being developed by the PARRISE project, a European
community of science teachers, teacher trainers and educational researchers whose actitivies
centre on integrating current issues of science and society at school. Through experiencing the
societal impact of research and innovation, this approach intends to increase the agency and
motivation of young people for pursuing studies in science. By becoming more scientifically
literate, young citizens are better equipped to participate in the process of science innovation.
PARRISE also intends to improve pre- and in-service science teacher education through
sharing best practices of professional development for primary and secondary teachers in
Europe.

The project objectives are as follows (cf. [3] for details and publications):

1. Provide an overall educational framework for socio-scientific inquiry-based
learning (SSIBL) in formal and informal learning environments;

2. Identify examples of best practice;

3. Build transnational communities consisting of science teachers, science teacher
educators, science communicators, and curriculum and citizenship education
experts to implement good practices of SSIBL;

4. Develop the SSIBL competencies among European primary and secondary science
teachers and teacher educators;

5. Disseminate resources and best practice through PARRISE website, digital and
print-based publications online and face to face courses authored by national and
international networks;

6. Evaluate the educators’ success using the improved SSIBL materials with pre-
service and in-service teachers.

The project team collects and shares existing best practices in European science education
and develops learning tools, materials and professional development courses for based on the
SSIBL approach. Socio-Scientific Inquiry-Based Learning (SSIBL) is meant to address the
need for a heightened awareness of the role of research in contemporary society through
expanding teachers’ perceptions about the aims and objectives of science education. The
model is based on the concept of Responsible Research and Innovation (RRI).

“ At the moment, Europe faces a shortfall in science-knowledgeable people at all levels of society
and the economy. Over the last decades, there has been an increase in the numbers of students
leaving formal education with science qualifications. But, there has not been a parallel rise in the
numbers interested in pursuing science related careers nor have we witnessed enhanced science-
based innovation or any increase in entrepreneurship. Science education research, innovation and
practices must become more responsive to the needs and ambitions of society and reflect its values.
They should reflect the science that citizens and society need and support people of all ages and
talents in developing positive attitudes to science. We must find better ways to nurture the curiosity
and cognitive resources of children. We need to enhance the educational process to better equip
future researchers and other actors with the necessary knowledge, motivation and sense of societal
responsibility to participate actively in the innovation process’ [4].

The SSIBL framework [5], [6] connects RRI with three pedagogical concepts. Inquiry-
based Science Education (IBSE): this model has always been at the core of Hungarian
Physics education, and is being gradually adapted by other science disciplines as well. It
focuses on empowering students to act as researchers and them not only facts also problems
and solution scenarios to experiment with. Case studies, field-work, investigations in the
school laboratory or even complex or research projects can be involved in this educational
approach. Teachers who employ it believe that ideas are fully understood only if they are
constructed by students through reflections on their own experiences. For STEM (Science,
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Technology, Engineering and Mathematics), this approach is especially important, but may be
successfully used in the arts and humanities as well (EC-FP7 projects promoting an IBSE
approach are, for example, PROFILES, SAILS, Pathways, PRIMAS or Fibonacci) [7]. This
model has proven useful also in teacher professional development [8].

Socio-scientific Issues (SSI) are open-ended science problems which may have multiple
solutions. Most of them involve controversial social issues as well, which are closely
connected to research and innovation in science. SSI may be successfully utilised in science
education to enhance the ability to apply both scientific and moral argumentation and develop
solutions in relation to real-world situations like climate change, genetic engineering,
advertisements for increased consumption of unhealthy food, animal testing for cosmetic
purposes, or the use of nuclear power as cheap and clean energy resource. SSI is highly
efficient in promoting scientific literacy and increasing students' understanding of science in
various contexts. Involvement with controversial scientific issues also enhances
argumentation skills and, through developing empathy, contributes to the acquisition of moral
reasoning.

Citizenship Education (CE): “can be defined as educating children, from early childhood,
to become clear-thinking and enlightened citizens who participate in decisions concerning
society. ‘Society’ is here understood in the special sense of a nation with a circumscribed
territory which is recognized as a state” [9]. It involves an awareness of the rules of law and
other regulations that concern social and human relationships. CE also provides an orientation
for the individual on ethics the rights inherent in the human condition (human rights); and
those that are related to being the citizen of his country, civil and political rights recognized
by the national constitution of the country concerned. Recent research on citizenship
education in science shows that focusing on civil rights and responsibilities can be efficiently
integrated with teaching about responsible research and innovation [1]. The interrelations of
these four pillars of the model are represented in Fig.1.

Fig.1. The Socio-Scientific Inquiry-Based Learning (SSIBL). Source: [6]

METHODOLOGY

In our first teacher professional development (TPD) course for teachers of Physics, based
on the SSIBL framework and delivered in the second half of the academic year 2014-15, we
organised a networked system of learners who developed active, collaborative agency around
shared knowledge objects, according to the trialogical model of learning [10]. Teachers as
knowledge builders worked and learnt together in a mentored innovation setting [11]. This
setting is meant to introduce teachers new methods through investigating their pedagogical
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needs and offering new strategies that suit them best. The learning triangle involves the
teacher as learner and peer tutor at the same time, a mentor who also acts as role model for
teaching and research, and a knowledge object: in our case, a new learning unit to be
developed (Fig.2.).

Fig.2. Model for the Hungarian in-service teacher training program
based on the SSIBL framework

One of the goals set for the teacher network was to investigate a socially sensitive
scientific domain, namely, the use of nuclear energy. We used the Moodle e-learning
environment for sharing good practice and discuss issues of adaptation, and also employ
social computing (Web 2.0) tools like science blogs and interactive science portals — a format
especially important to meet changes of science media consumption [12].

Teachers were expected to introduce the SSIBL framework in their teaching as they felt
most appropriate (in the form of an interdisciplinary lesson, a project week, an informal
learning opportunity in a science centre or museum, or in a lesson sequence addressing
socially sensitive research issues). TPD participants delivered a pedagogical essay and digital
teaching materials on strategies of teaching about one of the four main subject areas of the
course: modern physics, microphysics, astronomy, and chaotic dynamics and manifest how
they adapted the educational framework explained in this paper. Community driven inquiry
learning based on progressive inquiry and collaboration was especially suitable for involving
students in disputed, social issues related to science [13]. The four pillars of SSIBL were
employed in structuring course content:

1. RRI: traditionally, scientific discoveries are described as a final product of research. In
this course, they were presented as an interrelated complex of research endeavours
and relevant social processes. First, the conception of the research idea and (potential)
social needs manifest in it was presented, then phases of the research where social
issues were at stake were highlighted. Finally, a discussion of related innovations that
raised social issues.

2. IBSE: presentations were followed by experimentation, where teachers acquired new
scientific investigation skills. For example, they learnt how to apply information and
communication technology (ICTs) tools for modelling processes and exploration of
data. Teachers were also informed about still unresolved issues and encouraged to
enhance student skills to develop different explanations.

3. SSI: most of the topics included in this course have high social relevance for Hungary
(e.g. the generation and use of nuclear energy, “Big Bang” and Creation “theories”,
the butterfly effect and other naive beliefs and scientific explanations, etc.). Media
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coverage of these issues were discussed and the moral implications of science
communication — a field bordering on science education — was revealed.

4. CE: teachers were expected to act like responsible citizens (and trainers of such) and
identify connections among current research in the field of Physics, critically reflect
on curricula and propose means for future improvement, involving the inclusion of the
results of New Physics.

CONCLUSIONS

The first iteration of the course, with nuclear energy and related social issues in focus,
suggests improved social skills and heightened interest in the public understanding of science
and research based policy making — both necessary for developing responsible researchers
and citizens as well. We hope to have introduced social and ethical concepts that promote
teachers’ reconceptualization of their teaching content and do beyond teaching, towards the
education of morally responsible, ethics-driven citizens [14]. Teachers have retooled their
teaching processes through the employment of ICTs solutions as simulations, measuring tools
or communication devices that facilitated the creation of an interactive science education
environment. ICTs solutions should not replace real life experiments, but are inevitable for
widening access and also for introducing experiments that were impossible to deliver
otherwise in a classroom setting.

A second iteration currently undertaken centres around climate change — another crucial
issue for Hungary where agriculture is a major factor in national economy. In this iteration,
we intend to increase the collaborative aspects of our TPD. Collaborative knowledge
building in teacher education is planned to relate to learning that occurs partially in an
informal setting, the Moodle virtual learning environment that supports situated cognition and
situated learning in knowledge building communities. In its ideal form, such a collaboration
involves the mutual engagement of learners in a coordinated effort to solve a problem
together or to acquire new knowledge together [15]. We intend to use cooperative learning
methods based on cognitive apprenticeship that result in knowledge-building communities
that offer peer tutoring and support [11]. In these collaborative learning models, mature
communities of practitioners participate in inquiries at the frontiers of knowledge. Their
activities with their mentors during the TPD process will be characterised as a transformative
communication for learning.

Through collaborative methods [16], we hope to embed social issues relating to science in
Physics education while retaining its major merit: its hands-on, experiment-based character.
We also hope to empower Physics teachers to realise the goals of The Framework for Science
Education for Responsible Citizenship. Its 5™ objective: “Greater attention should be given to
promoting Responsible Research and Innovation (RRI) and enhancing public understanding
of scientific findings including the capabilities to discuss their benefits and consequences”, Its
6™ objective: “Emphasis should be placed on connecting innovation and science education
strategies, at local, regional, national, European and international levels, taking into account
societal needs and global developments” [1]. Both are in line with the SSIBL Framework and
the methodological repertoire currently under development by an international team with the
membership of the authors of this paper.

ACKNOWLEDGEMENTS

This paper was supported by the PARRISE project (" Promoting Attainment of Responsible
Research and Innovation in Science Education" European Commission), a Seventh
Framework Program (Grant Agreement No. 612438, duration: 2014-17).

13



Teaching Physics Innovatively

REFERENCES

1.

2.

3.

10.

11.

12.

13.

14.

15.

16.

E. Hazelkorn, ed., Science Education for Responsible Citizenship, European
Commission, Directorate-General for Research and Innovation, Brussels, 2015

C. Pierce: Learning about a fish from an ANT: actor network theory and science
education in the postgenomic era, Cultural Study of Science Education 10, 83, 2015
PARRISE (Promoting Attainment of Responsible Research and Innovation in Science
Education) Project website: http://www.parrise.eu/About-PARRISE (Last accessed:
30. March 2016).

EC DG RRI, (The Directorate-General for Research and Innovation of the European
Commission), Responsible research and innovation - Europe’s ability to respond to
societal challenges, 2015, http://ec.europa.eu/research/science-society (Last accessed:
30. March 2016).

R. Lewinson, How Science Works: teaching controversial issues. in: How Science
Works, eds: R.Toplis, Routledge, London, 56-70, 2011; R. Lewinson, PARRISE:
integrating society in science education. Paper presented at Presentation from the 2nd
Scientix Conference, 24-26 October 2014, Brussels, Belgium.
http://www.slideshare.net/scientix/parrise-integrating-society-in-science-education-
ralph-levinson

L. Nedelec, et al.: Using the professional empowerment of science teachers for
identifying socio-epistemic uncertainties of controversial issues. Paper presented at the
11th Conference of the European Science Education Research Association (ESERA),
Helsinki, 31. August - 4. September, 2015

PROFILES project: http://www.profiles-project.eu/

PRIMAS project: http://www.primas-project.eu/en/index.do

SAILS project: http://www.sails-project.eu/index.html

Pathways project: http://www.pathways-project.eu/

Fibonacci project: http://www.fibonacci-project.eu/

C. Forbes, E. A. Davis: Exploring preservice elementary teachers’ critique and
adaptation of science curriculum materials in respect to socioscientific issues. Science
and Education 17, 829, 2008

UNESCO, Citizenship education for the 21. century, 1998,
http://www.unesco.org/education/tlsf/mods/theme _b/interact/mod07task03/appendix.htm

K. Hakkarainen, et al.. Communities of networked expertise: professional and
educational perspectives. Educational Technology Research and Development 55,
545, 2004.

A. Karpati, H. Dorner: Developing Epistemic Agencies of Teachers Through ICT-
Based Retooling, in: Knowledge Practices and Trialogical Technologies, eds: S.
Paavola, et al., Sense Publishers, Rotterdam, Boston, Taipei, 2012

R. Jenkins: Social identity, Routledge, London and New York, 2004

T. Venturini: Building on faults: How to represent controversies with digital methods.
Public Understanding of Science 21, 796-812, 2012

W.-M. Roth, A. Calabrese Barton: Rethinking scientific literacy. RoutledgeFalmer,
New York and London, 2004

S. Paavola, et al. Models of Innovative Knowledge Communities and Three Metaphors
of Learning, Review of Educational Research T4, 557, 2004

A. Karpati, A. Kiraly: Creating a Socially Sensitive Learning Environment for Science
Education: The SSIBL Framework, in: Proceedings, EDEN 2016 Annual Conference,
Re-Imagining Learning Scenarios, eds.: Teixeira, A. M., et al., Budapest, 14-17 June,
2016, pp. 599-608. (2016). http://www.eden-online.org/2016_budapest

14



Teaching chaos physics

HANDICRAFT AND AESTHETIC EXPERIENCE IN
TEACHING CHAOS PHYSICS

Ildiké Szatmary-Bajké

Szent Istvan Gimnazium, Budapest, Hungary, bajkoildiko@yahoo.com

ABSTRACT

Our aim is to raise awareness of the importance of getting acquainted with chaos physics in
the frame of teaching modern physics. We would like to present a good practice of a series of
lessons with a focus on handicraft activities. Apart from raising interest, experiencing the joy
of creating something, the activities may help students understand and deepen their
knowledge of chaos physics.

INTRODUCTION

We examined the opportunities of getting acquainted with chaos physics within the
framework of secondary school physics education, as I presented in a Hungarian language
article [1]. We researched the methodology of inserting chaos physics within the secondary
school curriculum, presented chaos experiments, introduced IT opportunities and also
reviewed the use of art as a “motivational tool’.

In this article we present how art workshops inserted in a series of chaos physics lessons
are capable of raising interest in physics and the chaotic phenomena within thereof, and shall
provide opportunity to explore the features of chaos. Our aim is to raise awareness of the
importance of getting students acquainted with chaos physics within the framework of
modern physics education, we shall provide ideas thereto and present some good practices.

We encounter chaotic phenomena not only in our everyday life [2], but also in nature: at
the change of ocean plankton colonies in space and time (see e.g. [3]); or fluid layers mixing
in turbulent sea, or in meteorology [4] the spread of clouds of pollutants. We can also take the
shooting stars across the sky at summer nights as examples, which trace out the final phase of
the chaotic motion of small asteroids. Another example can be the oscillation of the heart and
brain activity, or the oscillating chemical reactions.

As we notice, chaotic motion is not exceptional but typical. It is the complex behaviour of
simple systems [5]. The main characteristics of deterministic chaos are: the equations
describing the motion are known; these equations are nonlinear; the motion is irregular and
unpredictable; there is order in the phase space: the fractal [6] structure. As these phenomena
are so typical for physics and everyday life, chaos physics should belong to the physics
curriculum.

THE PLACE OF CHAOS PHYSICS IN SECONDARY SCHOOL PHYSICS
EDUCATION

In a former research we investigated how the possibility of teaching chaos physics may be
implemented in secondary school physics education [1]. We examined two education
systems: a Romanian model and a German model. Teaching the elements of chaos physics is
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part of Modern Physics in the examined Romanian model, whereas similar elements are
integrated in the relevant chapters in the other model.

Chaos physics can be defined as modern physics in a non-conventional sense. Currently,
chaos physics is not part of the official documents of the Hungarian secondary education. In a
series of lessons, we examined the possibility of implementating chaos physics and our
recommendation was given in a syllabus prepared on the basis of the national curriculum
(NAT): we concluded that it should be connected to topics related to environmental physics.
We may encounter several environment-related topics within the syllabus, which is rich in
terms of different phenomena; however, the depth of understanding is rather low. We think
that chaos physics should have an important role in the preparation and academic founding of
these topics.

I have developed a teaching unit that I have implemented in different classrooms. This unit
includes complementary contents to the already existing curriculum. As a first step the teacher
familiarizes students with chaos theory and its characteristics throughout simple mechanical
examples (e.g. magnetic pendulum, double pendulum, double slope [6]): the unpredictability,
the order appearing in phase space, the fractal structures. As a second step, students are
familiarized with mathematical fractals. As a next step the teacher demonstrates that fractal
structures become visible during chaotic mixing. Students can observe fractal patterns during
mixing (mixing cream in coffee, syrup in water, ink in water, or during mixing different
paints). The main hands-on activity of this teaching unit is marbling. During handicraft
activities students experience the process how patterns develop. After the hands-on activities
we return to the topic of environmental flows. Students will be able to recognize similar
patterns when encountering environmental contamination.

The method of inquiry-based learning is applied. Inquiry-based learning includes problem-
based learning. Most of the PBL-defining characteristics listed by Schmidt [7] appear during
the teaching process I implemented: problems are used as an activator for learning; students
co-operate in groups for part of the time; learning takes place under the supervision and
guidance of the tutor; this curriculum of chaos physics consists of a limited number of
lessons. In certain situations learning is student-initiated, and we often provide time for self-
study.

It is important to know what competencies the students develop while getting acquainted
with chaos physics. Cooperation among the students is improved with team work. The group
activity provides a good platform for collaboration and the development of friendships among
students in addition it facilitates making closer contacts between the students and the tutor [7].
The interdisciplinary concept of the students is largely strengthened during these lessons. On
the one hand, the aesthetic experience is suitable to raise interest and to motivate, whereas the
classroom activity itself develops visual and aesthetic viewpoint. The students have the
opportunity to observe, compare and interpret the phenomenon. Their competency of thinking
in pictures is developed; they will be able to recognise similar patterns in different situations.
It is very important to note that these are not fictional and virtual pictures, but pictures
occurring in nature.

WHY SHOULD WE USE HANDICRAFT TO FAMILIARIZE STUDENTS WITH
CHAOS PHYSICS?

In the above-mentioned series of lessons handicraft activities play an important role. The
reason for this is the peculiarity of chaotic mixing. Fractal structures always appear in chaotic
processes, but regularly in an abstract space, in the phase space [5], therefore they do not
become visible under direct observation. Chaotic mixing, for example the spread of
contamination in a drift, or the cream poured in the coffee, the mixing of paints, is an
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exception. In these cases fractal structures become visible also in real space. This is the reason
why we have chosen to utilize it in teaching chaos physics with the aid of handicraft. The
photo in Fig.1. shows an example of chaotic mixing pattern: oil on the surface of water.

Fig.1. Oil on the surface of water (Photo: Traian Antonescu)

APPLIED TECHNIQUES (BASED ON CHAOTIC MIXING)

The following handicraft activities have been involved in teaching: painting paper, candles
and eggs with marbling technique. The most important technique is marbling [8], which is
chaotic mixing in two dimensions.

The steps of marbling technique are the following: 1. Small amounts of two or three
different marbling paints are poured on the surface of water. 2. Marbling paint is mixed
(Fig.2.a)) presents the mixing of paints). 3. A sheet of paper is placed on the surface. 4. The
sheet is flattened against the surface using quick but definite movements so that it can get in
full contact with the surface and the paint as Fig.2.b) indicates. 5. The sheet is grabbed and
lifted up carefully as it is shown in Fig.2.c). 6. As a result, marvelous fractal structure
becomes visible with nice Cantor-filaments.

Fig.2. a) Mixed paints on the surface of water, b) Sheet flattened against the surface of water,
c) The painted sheet lifted, fractal filaments become visible on the paper

HOW HANDICRAFT ACTIVITIES HELP STUDENTS UNDERSTAND THE
ESSENCE OF CHAOS

Chaotic mixing is the most essential, the most familiar and the most spectacular
phenomenon of chaos. In one of the introductory classes we examined the spread of a paint
drop or a drop of contaminant in a tank with two drain holes which is also an illustration of
chaotic drifting. It is surprising that the drop changes its original shape in a very short time in
a way that a well-defined fractal structure becomes visible meanwhile each particle describes
its own chaotic path [6]. This structure is very similar to the patterns made by the students
during the handicraft activities. Therefore, the aesthetic experience during handicraft activities
is suitable to raise interest and to motivate students.

17



Teaching Physics Innovatively

During painting with marbling technique students have the opportunity to gain experience
with chaotic mixing phenomena. It is a guided experience: they observe with attention for the
first time how fractal structure evolves during chaotic mixing. In Fig.3.a) we can see paints on
the surface of water, which is actually the result of chaotic mixing, in Fig.3.b) we can see a
part of a fractal filament patterned sheet made by the students. This is the imprint of chaotic
mixing, which makes students understand this aspect of chaos physics.

Fig.3.a) Paint on the surface of water: chaotic mixing, b) Fractal filament patterned sheet:
imprint of chaotic mixing obtained by the students with marbling

Structures similar to the fractal structures that become visible during the marbling activity
appear in environmental flows, for example in the case of spread of contaminants. Students
have the possibility to compare the pattern of their pieces of arts and the pattern of oil
contamination on the surface of water (Fig.4.a)) or the pattern of foam pollutants before the
dam as we see in Fig.4.b).

Fig.4.a) Oil contamination on a puddle (photo by Antonescu Traian),
b) Foam pollutants before a dam (photo by Gyodrgy Karolyi)

We aim to enhance students’ competence of thinking in pictures: they will be able to
recognize similar patterns in different phenomena. It is very important to note that these are
not pictures of a virtual world, but patterns occuring in the natural environment.

The interesting experience related to the phenomenon will motivate students to get more
deeply involved in the subject: if the experience is interesting, it will raise the curiosity of
students to develop a computer program to model the phenomenon. This experience might
raise motivation in students to gain the knowledge required for a deeper understanding of the
phenomenon.
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PAINTING EGGS, CANDLES AND PAPER WITH MARBLING TECHNIQUE

Other handicraft activities related to chaotic processes are the painting of eggs during
Easter and the painting of candles during Christmas time. The steps of painting eggs are the
following: 1. A stick is fixed inside a white egg so that it stays stable (blown eggs, or white
plastic eggs are used); 2. The egg is fully immersed under the water. 3. Small amounts of
paint (two or three different colors) are poured on the surface of water then mixed in order to
have a beautiful pattern with fractal filaments. 4. The egg is taken out immediately but very
slowly so that the paint is evenly distributed on its surface. 5. Care should be taken while
drying the eggs (as you can see in Fig.5.a). As a result, marvelous fractal structures become
visible with nice filaments as can be seen in Fig.5.b).

Fig.5.a) Drying the eggs, b) Fractal-patterned Easter eggs made by students

Before Christmas we paint candles with Cantor-filaments. The steps of painting candles
with marbling technique are similar to that of painting eggs (Fig.6.).

Fig.6. Candles with fractal filaments painted before Christmas

CONCLUSIONS

The summary of the teaching unit described above that I have implemented and I find
worth sharing is the following: First the teacher talks to students about chaos theory, the order
appearing in phase space, the fractal structures. Then, students are familiarized with
mathematical fractals. As a next step the teacher raises students’ awareness that fractal
structures become visible during chaotic mixing. Students have the chance to observe fractal
patterns during mixing. During appealing handicraft activities students experience the process
how the patterns develop and connect handicraft with chaotic phenomena.
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The benefits of the teaching method can be summarized as follows:

Firstly, handicraft activities are suitable tools for raising students’ interest in physics, more
specifically in chaotic phenomena. Marbling gives opportunity to get to know the
characteristics of chaos.

The fact that the interest of students has been successfully raised is proven by the number
of students choosing chaos physics for their school project after participating in my chaos
physics lessons, even students who are not considering to continue their studies in physics.
Another indication is that several students have chosen fractal geometry or chaos physics as
the topic of their optional presentation at physics class.

Apart from raising interest, hands-on activities are motivational tools for students who
desire to obtain deeper knowledge of the chaotic phenomena, who would like to be able to
mathematically describe the system or write a computer program for the simulation of the
phenomenon.

Secondly, as we have already mentioned above, the aesthetic experience during handicraft
activities is suitable for raising interest and motivating students. At the same time the
handicraft activity in class, creation itself develops the visual and aesthetical view of students.
Creating works of art, the process of mixing and experiencing the development of the pattern
help to deepen students’ understanding, and develop among others the competence of thinking
in pictures. Aesthetic experience in class increases motivation in everyday school life.

Thirdly, we experienced that the students’ interdisciplinary concept is largely strengthened
during these lessons.

Finally, an important benefit related to the IBL method is the group collaboration where a
platform is created for the development of friendship among students and the teamwork
facilitates close contacts between students and tutors [7].
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ABSTRACT

In order to increase students motivation of learning kinematics at senior pre-university
education in the Netherlands, we developed and tested a series of five lessons in which movie
scenes were used. Students had to analyse whether a spectacular stunt from a movie scene could
be performed in reality. Gradually students developed conceptual and procedural knowledge
and learned how to establish the physical accuracy of these stunts. However, not all conceptual
knowledge was firmly rooted, and cohesion between different concepts was still missing.
Therefore we advise to incorporate the analysis of physics in movies in regular lessons to
increase motivation and learning outcomes.

INTRODUCTION

At the ‘International Conference on Teaching Physics Innovatively 2015’ (TPI-15) it became
clear that Hungary has a decreasing amount of students interested in choosing science, or more
specifically physics, as major subject. Due to a limited budget, teachers as well as researchers
have to be innovative to reach a large audience. Next to that, popularization of science subjects
has to go hand in hand with an educative component: Education should be fun but instructive as
well. Dutch physics teachers face similar problems as students do not relate the different
subjects covered in the physics course with their everyday life. They question why it is
important to learn e.g. mechanics. This study investigates the benefits of analysing movie scenes
in physics class where we try to link the three components mentioned: increase students
motivation by introducing a practical and recognizable problem with an educative component.

Originating from lessons in which I used movies, cartoons and bloopers, a series of five
lessons was developed in which students inquire the accuracy of movie stunts: Are the stunts
potentially real? The initial idea was to let students, working in small groups, investigate the
physics in movie scenes. Although the teacher should not intervene, some help could be
provided using questions in worksheets. It was thought that intrinsic motivation, driven by
students’ curiosity, should be enough to let students develop or gain the necessary knowledge to
find a solution to the problem and by doing so learn kinematics. Accordingly, the research
question that arose was: To what extent are students able to develop kinematic concepts based
on the analysis of movie scenes? While motivation is a key factor for success in this approach,
known as a problem-based learning approach, the second research question that arose was:
Which components of the chosen approach are appreciated by the students?

As this is a first exploration in a cyclic process (design research, [1]), a large quantitative
study is unsuitable. Therefore we chose a small qualitative study in which small groups of
students were intensively monitored. The outcomes of this study reveal whether it makes sense
to further develop this teaching strategy.

THEORY
At the heart of science lie the inquiries in which existing knowledge is used and new
knowledge is acquired. Inquiries in which students work in small groups on problems where
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they still lack the prior knowledge to solve the problem directly is known as a problem based
learning (PBL) approach [2], [3]. By investigating and discussing the various problems, the
necessary knowledge to answer the questions is developed along the way [4]. This creates a shift
in responsibility for learning: The teacher does not tell students the relevant information but the
students investigate themselves what is necessary to know to solve the problem. This approach
is often used at university level with medical students. However, not much is known about the
potential success of this approach at secondary school level. Still this approach can be useful as
many benefits are known to exist, among them [2],[5],[6]: (1) PBL aligns with how people learn
science; (2) PBL stimulates active engagement and responsibility for one’s own learning; (3)
PBL fosters the acquisition of lifelong learning skills; (4) PBL increases problem solving
abilities; (5) PBL motivates students to learn; (6) PBL improves conceptual learning; (7) PBL
positively changes students’ attitude and interest in physics.

However, opponents of this approach suggest that this teaching method leads to incomplete
and disorganized knowledge. Students can acquire misconceptions [7]. It is questioned whether
there is any room left for students to inquire themselves and students often lack motivation to
continue an inquiry for longer times. So the question is whether this approach is suitable for less
independent secondary school students.

One way to motivate students is to use movies, as these tend to appeal to a large audience.
This certainly follows from the fact that students spend more and more time in front of the TV
[8]. We could use this interest to teach physics as many physical phenomena can be seen in
movies and even physical phenomena which cannot be seen in everyday life are produced
within movies [9]. Many examples of using movie scenes have been mentioned in e.g. ‘The
Physics Teacher’ [10], [11]. Questioning whether the shown event is potentially real could
arouse students’ curiosity. This question is answered in many different ways by several TV
programs such as ‘The big bang theory’ and ‘MythBusters’ to involve the viewers [12], [13].
Whether it is possible to use the same approach to bind students to the various science subjects
for a longer time and instantaneously teach them to solve problems, remains a question for now.

Next to the potentially appealing way physics is presented, the visualisation of physical
phenomena can also enhance student learning as they are able to see the phenomena over and
over again, analysing them in detail. In this way, the mathematical equations for e.g. parabolic
orbits, difficult for students, could come to life and could gain meaning and relevance to
students. This could support them in a further analysis of the physics involved.

METHOD

In this design research we investigate possible affectional effects and the development of
procedural and conceptual knowledge through analysing kinematic phenomena in movie stunts
using a PBL approach. In order to do so, we developed a series of five lessons using
recommendations on conceptual development in physics teaching and strategies for effective use
of a PBL approach.

This series of lessons was tested in a single 5 VWO class (senior pre-university education) of
18 students. These students (aged 16/17) were divided into groups of three to four persons with
the same academical abilities. Three groups were video recorded, the other two groups were
audio recorded. After each lesson transcripts were made and subsequently students’ activities,
including chosen solution strategies and given answers, were analysed. In addition, we studied
the development of kinematical concepts during the small group discourses. In order to do so,
first the different kinematical terms were highlighted and subsequently we investigated how
these terms came forward: e.g. by discussing or questioning and whether these terms were given
the right interpretation of physical meaning.
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DESIGN

A literature study on the use of an effective PBL approach in class yielded many
recommendations. A PBL problem should at least [5,6,14]: (1) not have a single solution or
solution strategy; (2) be authentic, concrete and have value; (3) match the students’ level of
prior knowledge; (4) engage students in discussions (5) lead to the identification of learning
issues; (6) stimulate self-directed learning and (7) be interesting to students. As we use a PBL
approach in a physics class, recommendations on effective physics teaching should be used in
the design as well. Knight [15] summarizes that physics lessons are more effective when: (1)
students are actively engaged; (2) lessons focus on phenomena rather than abstractions; (3)
students have to explicitly deal with alternative conceptions; (4) students develop problem
solving skills and strategies and (5) problems with a quantitative and qualitative character which
go beyond symbol manipulation are used. The combination of these 12 recommendations has
led to a series of lessons where:

1. Forrest Gump [16] is running across the countryside at a constant speed. In various
instances, his speed can be determined and compared with that of an average jogger,
showing that he is fairly slow. Students’ prior knowledge was activated (uniform linear
motion) and they gain experience in using the interactive whiteboard (IWB) in combination
with movie scenes.

2. Criminal Bohdi is chased by agent Johnny [17]. With a 15-second interval they jump out of
an airplane. Still Johnny overtakes the felon in mid-air by minimising his frontal area.
Again, prior knowledge (free fall) was activated but their knowledge was extended by
introducing friction.

3. Trinity [18] escapes from agent Smith by jumping from one building to another across a
two-way street. Her trajectory is fairly well shown in slow-motion, making a proper analysis
of the jump possible and therefore this lesson served as start on projectile motion, where step
by step the independency of motion in horizontal and vertical direction was introduced.

4. Four boys find themselves trapped with their car at a collapsed bridge, see Fig.1. [19]. They
dare to jump across as one is certain that physics tells them it is possible to do so. They get
across, although the car disintegrates. All necessary variables (and more) to solve the
problem are mentioned in the conversation between the boys. Therefore, this lesson served
as a practice on the topic of projectile motion.

Fig.1. The car jump in Road Trip (2000)

5. Raines escapes from the police by jumping over a bunch of stationary cars using a ramp
loader at 100 mph [20]. All necessary variables to analyse the jump are ‘hidden’ in the
scenes, students had to find these variables. This lessons served as a formative assessment
where students showed their gain in procedural and conceptual knowledge during the series
of lessons.
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Questions in the worksheet served as stepping stones. Although these questions provided
some help, there was enough room to discuss and inquire the different kinematical concepts.

RESULTS

As students worked in small groups, in each lesson and with each question a same process of
inquiry was observed. We call these phases of inquiry: the orientation phase, the analysis phase,
and the solution phase. These phases are elaborated consecutively.

In the orientation phase students discussed what the actual problem was and how to,
qualitatively, describe the event shown in the movie, i.e. they made the problem understandable
for themselves. In this phase, kinematical terms automatically came forward, although these
were not always given the right physical meaning, as the following excerpt from lesson 2 shows,
where students S1-S3 discuss a fall with friction:

1 S1: Butitis not like he is falling slower?

2 S2:  No, he falls constantly. You have to fall constantly otherwise you would smash into the
ground.

S1:  But that is the case. Only the parachute will save him.

S2:  The acceleration isn’t increasing? Is it?

S3:  No, not increasing.

S1:  Why not?

S3:  No, the acceleration is not increasing, while...

S1:  S9... Is the acceleration increasing when you jump out of a plane? Or is the acceleration
constant? You will fall harder, isn’t it?

9 S3:  You fall constantly, right?

10 S1:  The velocity increases.

11 S9:  The velocity increases, but not the acceleration.

12 S1:  So... You don’t accelerate?

13 S10: Ata certain moment you won’t accelerate anymore. You just fall with 150 mph downwards.

14 S2: So, the gravitational force is constant.

15 S9:  The acceleration is getting smaller.

16 S10: If you did not accelerate at the start you would float in the air.

3NN bW

As students reached consensus about the interpretation of the different kinematical terms,
they proceeded to the analysis phase in which they investigated the relations between the
different terms. In lessons 3, e.g. they explored how Trinity’s vertical displacement depends on
time. Stimulated by the movie, some groups displayed the movement to each other by
gesticulation, see Fig.2. The movie stunt was shown over and over again, where students discuss
the different relations between variables. In some cases they used a digital ruler to determine
lengths or areas. Each time when this was done, they compared their answers with their prior-
knowledge: Does the measurement make sense to what we already know?

g A R o LN

Fig.2. One student trying to relate the actual jump with the velocity of the jumper. Her hand
showing the jump
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In this phase, discussing and questioning each other are the main types of communication.
Most struggles in understanding the physics showed up in this particular phase, as students still
lacked the necessary knowledge and had only each other, a formula sheet and the movie to
develop new knowledge. Especially with transferring formulas and events to graphs was
difficult for them. This is not surprising as this is a well-known problem in literature [21], [22].
However, when they reached an analysis that satisfied them, they moved on to the solution
phase in which they formulated their final answer to the problem. It is worth noting in this phase
that students evaluated their answers with their common everyday knowledge and the event
shown in the movie, shown e.g. with this excerpt from lesson four:

1 S3: 104 km/h! That’s fast.
2 S1:  Butitis logical that they make so much speed.
3 S3:  Okay, but on such a small road...

As a teacher, we like to have students evaluate their answers, but often they do not see their
own mistakes, even when answers diverge on the order of 10°. In these tasks, students evaluated
their answers spontaneously and referred to daily observables, i.e. link the physics with well-
known events.

In the final assignment, students show what they learned as demonstrated in Fig.3.
(Appendix) This student clearly shows which variables are necessary to analyse the jump,
calculates the airtime and the jumping distance. This distance (127 m) is clearly greater than the
jumping distance as shown in the movie.

Motivational aspects

As students started with a kind of eagerness to work with the movies, they quickly lost some
of their interest during the series of lessons as they felt it was rather a matter of repetition.
According to them, each lesson resembled the previous one. Although students said to lose some
interest, this was hardly reflected in the lessons: most of the time they were cooperatively
working on the problems. In the questionnaires as well in the interviews, students mentioned
that working together on a problem that had a practical relevance appealed to them, illustrated
by a quote of one of the respondents: “It is more fun because you understand what it is you are
actually doing.” Working in small groups provided direct feedback and students appreciated the
possibility to discuss several problems. Similar problems embedded in a series of lessons with
instructional lessons would appeal to them even more as they were uncertain whether their
approach was the right one.

DISCUSSION

During the various lessons we saw the same solution process over and over again. Students
did not stick with only an analytical analysis but also tried to include the movie scene itself to
solve the problem, e.g. by measuring jumping distance or airtime. Although not always
successful in terms of giving a scientifically satisfying answer, students developed the
procedural skills to analyse a movie scene in terms of physical accuracy. This was shown
particularly in the formative assessment in which students directly knew which variables had to
be determined and how in order to solve the problem. Furthermore, we see that the conceptual
knowledge was extended during the various discussions held. During these discussions
kinematical terms come forward and gained meaning for the students. However, not all
kinematical terms obtained a scientific interpretation and the relationships between the various
concepts and kinematical terms was missing. Students would like to obtain a summary of all the
kinematical concepts involved. However, this can also be seen as a benefit from using this
approach, as students know their own knowledge deficits, they ask more profound questions
during instructional lessons and they have an intrinsic motivation to pay attention as they know
why the instruction should matter to them.
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CONCLUSION

The developed series of lessons has proven to offer interesting practical problems for
students at the age of 16/17. The problems provide a link between physics and the context in
which physics is present. Integrating these ideas in different lessons would lead to enthusiastic
teenagers eager to debunk Hollywood movie stunts, who instantaneously learn physics.
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Fig.3. A student’s answer on the question whether the jump could be made
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ABSTRACT

The GEOMATECH Programme is a large-scale EU funded project which aims to develop
high-quality teaching and learning materials for all grades in primary and secondary schools
in Hungary. These materials (1200+ Mathematics, 600+ Science) will be embedded into an
on-line communication and collaboration environment. The portal is to be used as an
electronic textbook, a homework system, and a virtual classroom environment. In this paper
we present the details of the Project and give some examples how to use it in the classroom.

INTRODUCTION

Looking around the world there is no question that technology turns into the essential part
of the everyday life. A proper combination of pedagogical methods and cutting-edge
technology must be, therefore, the primary goal for the education system at all levels. As one
might expect, the successful integration of technology into mathematics and science education
depends on several factors. It is also evident that the teacher plays the most important role in
this process. That is, no essential change can be done only by integrating new technologies
into science education. Teachers' preparation and motivation is indispensable. Moreover, as
Hennessy and Osborne [1] state, teachers have to be responsible for evaluating appropriate
technical resources and designing the learning activities.

Several large-scale projects around the world [Argentina, Thailand, Uruguay, USA]
attempted to hand out millions of laptops and/or tablets to students. However, various studies
pointed out that these actions only are not enough to have a breakthrough in science and
mathematics education. Parallel to the integration of the novel technology, a training is also
needed for teachers in order to be able to use new devices in their everyday practice [2,3].

Luckily, we had the opportunity to develop a programme called GEOMATECH. It was
funded by the EU and the Hungarian Development Agency to integrate the STEM (Science,
Technology, Engineering, and Math) subjects and digital technologies based on an open-
access web portal [4]. The basic purpose of this short paper is to present the main ideas and
the novelty of the GEOMATECH Project.

PROJECT OVERVIEW

There is a consensus probably not only in the teacher community but also among the
parents, policy makers and students that the mathematical and science education needs
refreshment. Looking at our children there is no doubt that they are "digital addicts". To reach
any success in their education we cannot ignore this fact. The GEOMATECH Project serves
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professional and peer-reviewed digital materials that can be connected to the everyday-used
electric devices.

The basic idea of the Project is to develop 1800 digital materials (1200 mathematics and
600 science) for all grades in primary and secondary schools. These materials are embedded
into an on-line communication and collaboration environment that can be used as an
electronic textbook, a homework system, or a virtual classroom. An important feature of the
portal is that beside the teachers and students the parents might also have an access to the
materials and, thus, they can follow the educational progression continuously.

During the realization of the Programme six different groups worked closely together. In
what follows, we summarize the main tasks of these groups in order to give an insight on
what segments were synthesized to build up the GEOMATECH Portal.

e Material development: This part of the Project brought together traditional pedagogies
and new curricula in order to have more efficient methods

e Software development: For better visualization and supporting the physical
experiments GeoGebra [5] got several new features. The 3D part of the software
become more versatile. The real-time data collection is already a default built-in
function. It means that various software (e.g. Tracker) and/or hardware (mobile
phones, data capture devices) can be connected to the GeoGebra software and use it in
data acquisition and reduction. An android application has also been developed in
order to make the physical experiments more accessible to students.

e Piloting: 25 mathematics and 20 science teachers were involved into the pilot study.
The main purpose of this program was to get valuable feedback from those teachers
and students who already used the GEOMATECH in their classrooms. The
information collected in this work was extraordinarily important not only from
theoretical point of view but also in practical sense for other parts of the Project.

e Teacher training: A total of 2400 mathematics and science teachers were involved
nation-wide in this part of the Project. We offered a 60-hours training with innovative
curriculum that fully matched the basic objective of the Project. During the training
teachers learnt the basics of the GeoGebra software, modern methods in education, use
of the GEOMATECH portal, WEB2 techniques, file sharing, mobile phones in science
courses, etc.

e Student competitions: Multi-round competitions were also part of the Project. A large
number of teams (more than 200) joint these cheerful events every month. More than
1000 students from all grades solved the interesting mathematics and science exercises
based on GeoGebra.

e Teacher community: After the Project was completed, a very important issue was the
information sharing between teachers who participated the Programme. Therefore, an
on-line site has been created which offers a common platform to discuss the
experiences, to share new and innovative ideas, or just think together about the
possible further applications offered by the Programme.

About 200 people were directly involved in the Project. The next section is devoted to the
results of their contribution.

MAKING USE OF GEOMATECH
First we want to emphasise that GEOMATECH is meant to be not only a collection of
digital materials but rather a platform that includes all the methods we use in classes or, in
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general, the possible ICTs (Information and Communication Technologies) that are used in
mathematics and science education. In this section we present some applications and methods
of GEOMATECH.

GeoGebra. All digital materials in GEOMATECH Portal are based on the dynamic
mathematics software GeoGebra [5] developed by Marcus Hochenwarter in 2001. The
software is basically designed for elementary and secondary school teachers and students in
order to clarify the abstract mathematical concepts and methods. In the last 15 years the
software became one of the most common mathematical software around the world. It is
completely free and open source. Thanks to the continuous developing nowadays GeoGebra
can be used on-line on several different platforms (PC — Mac, Linux, Win; Tablets, smart
phones — Android, IOS) and also various features for STEM subjects are built in. Last but not
least, in the last decade, Hochenwarter and his team established a world-wide community
including the GeoGebra tube, a collection of more than 200,000 public materials. In addition,
the International GeoGebra Institute brings together more than 150 local GeoGebra Institutes
in all five continents.

What to teach and how to teach? No matter what kind of class we want to give, the basic
aims of GEOMATECH suggest to use at least one computer and a projector. Therefore, the
teacher must be familiar with using such devices. The same is also true in the case of team-
work or a class in a computer room (e.g. we should take care that the appropriate number of
laptops are available or consult to the system administrator about possible experiments in a
computer room).

We can decide what portion of a class is going to be covered by GEOMATECH. One
possibility is to present just a few materials while introducing a new topic. The other choice
can be a chain of materials (related to the same subject) at various parts of the course.
Furthermore, digital materials can be used during the entire 45 minutes. This latter is quite
easy, since, as mentioned above, the materials are based on GeoGebra and, therefore, the
students can be strongly involved into the work. So, they should not just be watching the
canvas but doing something profitable on their machines. In other situations, say, exams
and/or homework GEOMATECH can also be utilized.

The GEOMATECH materials are essentially designed for visualization and for redeeming
certain experiments. However, in fact, they do not replace the equipment in the physics
laboratory. Next, we classify the digital science materials.

The first class contains "computer simulations" of easy demonstrations. These applications
are more or less the same as we can present in a classroom but, of course, they cannot replace
the original experiments (for example, harmonic oscillations, conservation of angular
momentum, Lorentz force in fluids, etc.). Nevertheless, we can argue in favour. These
"experiments" can be repeated any time with several different parameters. Moreover, students
can take them home and play with them. (This is true for the other two groups below as well.)

The second class includes materials that are related to experiments difficult to present (due
to the available time or space) or impossible to make because no components are accessible in
the laboratory, e.g. complex electric circuits, elaborated optical arrangements.

In third group one can find materials which describe physical processes/experiments that
are unworkable (due to the timescales or measures) in a classroom. For instance materials in
atomic physics, environmental flows, astronomy, etc. Simulations like these might help to
draw students' attention to the less graphic experiments or to the hot topics of modern
scientific problems.
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Methods and materials resulting in more interesting and impressive in-class experiments.
The most challenging task in the 21*' century education is probably to keep pace with the fast
improving digital technology and to give valuable and usable knowledge to the students.
Teachers play an important role in creating motivation. It cannot be done only by knowledge
transfer. Using the current available technology is also necessary. Therefore, it is extremely
important that teachers should be able to use ICT during their classes, and not just for
presentation. These days the IT is already not about ppt presentations only, but much more.

Teaching science is unimaginable without measurements and demonstrations either for
teachers or for the students. It is clear that students remember a mathematical function
describing a natural phenomenon better if the measurements are done by themselves. It also
does matter what kind of devices they use. The motivation can be missing if the students feel
that the equipment around them left back from long ago.

Smartphones take over the mobile market. One can buy a smartphone roughly for the same
price as a classical mobile. Another important fact is that the cheapest smartphones are as
good as the most expensive devices in the sense of classroom use. In other words, all students
can have the same potential to perform physical measurements during the science courses.

But what actually a smartphone means? A loose definition might be: a device that runs an
operating system (OS) independent of the hardware used. A second important criterion is that
the manufacturer of the OS offers an on-line application store and the owner can download
various programs from this market to customize her/his smartphone. Moreover, having the
suitable programming skills, people can also write such applications.

Another remarkable phenomenon of smartphones is that they contain various sensors. By
using these sensors one can broaden the applicability of the phone. For example, by putting
the phone face down the silent mode is activated, or by firmly shaking the device an incoming
call can be rejected. Several years ago innovative physics teachers already involved
smartphones into science education. [6,7,8] The GEOMATECH offers a professional way to
use the mobile sensors as innovative applications in physics classes.

In what follows, we will present a possible use of the mobile phone for data mining and
real-time data processing. Using the sensors and the mathematical skills of the GeoGebra
software together the students might have complex digital measuring equipment in their hand.

mobile phone

slope

angle

horizontal surface

Fig.1. Using a smartphone in an experiment to determine the static friction between two
different surfaces

Fig.1. depicts the experimental design for measuring the static friction using mobile
sensors. We need a surface with alterable slope, a smartphone, and the Geomatech Sensors
application from the Google Play store. For more details how to download and set up the
program (and other requirements) please visit the website [9]. In addition, one can prepare
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various boxes with different kinds of surface to measure the material dependence of friction.
In this experiment the varying quantity is the angle alpha. The smartphone application tells us
the acceleration of the phone for each value of the inclination of the slope.

Fig.2. shows the GEOMATECH material related to this experiment. On the upper part of
the screen several questions can be found related to the experiment. For example: "Sometimes
the objects do not slide on the slope. What is the reason? What kind of force keeps the
smartphone in place? What is the angle when the object starts to move? What physical
parameter can be obtained from this tilt?" The main window shows the GeoGebra application
with four buttons (start, stop, new measurement, and data evaluation). In order to connect the
smartphone sensors and perform the actual measurement a code is required. This code is
generated by the Geomatech Sensors application and should be typed into the text-box. The
co-ordinate system depicts the gradient vs. time. From the graph the angle can be obtained
when the mobile phone starts to move. (In this plot the acceleration is not shown.) The
experiment can be repeated using different materials between the phone and the slope.

Fig.2. Real time data plot with GeoGebra and Geomatech Sensors

CONCLUSIONS

The GEOMATECH Project, i.e. the material and software development, the teacher
training, etc., finished in September 2015. It is too early to assess the impact of this package
on the science education at the elementary and secondary levels. The success of the Project
depends on many factors. Nevertheless, taking into account the results of the pilot program,
the feedback of the teachers’ who participated in the trainings, and the positive media
communication, it seems that the idea has a great number of potentials. We will see where the
GEOMATECH evolves over the next few years and how it influences the mathematics and
science education at the elementary and secondary school levels.
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ABSTRACT

Our student group on environmental physics in Garay Janos Grammar School in Szekszard
started to show interest in light pollution, by reason of necessity of dark sky for our
astronomical observations. In the frame of a project work we made measurements with a
special portable photometer (SOM) in a nearby area in Tolna county called Hegyhat. We
obtained very good data, approaching those of Hungarian International Dark Sky Parks

values.

INTRODUCTION

The Zselic National Park was the first in Europe to win the title of International Dark Sky
Park on 16 November 2009. This title was founded by the International Dark Sky Association
after realising that there are fewer and fewer places on Earth where the starry sky can be seen
in its full beauty.

A hundred years ago every child could naturally experience the Milky Way, falling stars or
constellations. However, gaining such experiences today is impossible without outings to
places free from light pollution (Fig.1.).

Fig.1. The map of light pollution in Hungary.
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Together with some enthusiastic students we wanted to find out about and objectively
justify by measuring whether there are places either in the neighbourhood of our school Garay
Janos Grammar School or in Tolna county where the sky can be seen the way it is in Zselic.
Our school successfully applies for micro researches and the necessary financial support
every year within the frame of “Ut a tudomanyhoz” (The Way to Science), which is a part of
“Utravalo” (Provisions) Scholarship Programme. Due to our latest research programme
(Shooting with Astrophotographic Mechanics) we got a good quality astrophotographic stand
(EQ-6) with the help of which we were able to take highly aesthetic scientific photos of
objects in the sky. For photos rich in details we had to find places with dark skies because the
darker the sky is, the longer exposition time the photo requires and the more details can be
seen in it. Finding such places was our reason for starting to measure sky brightness.
Meanwhile, on the Internet we found a map showing light pollution in Hungary (see Fig.1).

The International Starry Sky Parks of Zselic and Hortobagy can be seen well in it and so
can the sandy area of Illancs and the hills of Tolna the object of our measures. The lighter the
colours are in the map, the shinier the sky is, and the darker they are, the higher quality the
sky has (the darker it is) in that area. In the map we could see that the hills of Tolna may have
sky similar to the quality of those of Zselic and Hortobagy the two International Starry Sky
Parks. We planned to get ground-based measurements to prove this hypothesis.

LIGHT POLLUTION

Light pollution is in fact a skyglow, an increased light density on the nocturnal sky which
originates from the artificial light at night scattered on the aerosols and molecules in the
atmosphere. Fig.2 indicates that the incorrectly designed and installed lighting devices can be
sources of light pollution if their light goes not on the right place, right time and not with the
right intensity.

| FLANLY CUTOFF FULL CUTOFF

Fig.2. Light pollution sources. Left panel: possible design of the public lighting.
Right panel: badly installed lamp

These light sources have a high ULOR (upward light output ratio) value meaning that they
spill light above the horizon. The wasted luminous flux causes energy loss, artificial skyglow,
panorama destroying, undesired effects on health (including humans and other species) and
dazzling.

Artificial light at night increases skyglow, that is why the astronomers and anyone else
cannot observe less intense objects and phenomena of the nocturnal sky. Nocturnal artificial
light sources (public lamps, illuminated flat houses and church towers etc.) disturb the flying
insects’, birds’ and turtles’ ability to navigate or to reproduce properly. Some nocturnally
active species (for example bats or owls) or inversely, the daytime active species (for example
the songbirds in the cities) cannot live their natural lifestyle because of the light pollution.

Nowadays most of the human beings live in unnatural light conditions. We spend our
daytime period at less illuminated indoor places than natural outdoor illuminance, in addition,
at night we cannot experience complete darkness. Our endogenous circadian rhythms are
affected, for example body temperature, heart rate and melatonin production. With the
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artificial light we have altered the natural 24-h light-dark cycle, thus we can observe serious
pathophysiological repercussions. Disorganization of our circadian system and perturbations
in melatonin rhythm (caused by sleeping with artificial light, use of LED screens at night,
shift work, jet lag etc.) denote an increased probability of the development of diabetes,
obesity, heart disease, premature aging and some types of cancer [1].

Dazzling represents risk mostly for the traffic and for employees working in dangerous
scopes of activities. If the light sources with high ULOR value emit too much light directly to
the pupils, it causes temporary sight decrease because of the eye’s inability to adapt to the
new lighting level. Light pollution can be disturbing in one’s property, for example if the
incorrectly settled public lighting causes too much brightness in one’s room so one can not
sleep properly.

OUR MEASUREMENTS

We used a UNIHEDRON Sky Quality Meter instrument to measure the luminance of the
sky. This small portable instrument has been used in Hungary for measuring the sky
brightness since 2007. The device measures the average luminance of a 1.5 steradian solid
angle towards the zenith. The unit of measurement of sky luminance is mag/arcsecz, which
can be converted into cd/m” (SI units) using the following formula:

Value (cd/mz) =10.8 - 104 . 10—0.4[value(mag/arcsecZ)] (1)

The temperature-calibrated device works with the precision of 10 percent in linear
luminance (cd/m?) units [2]. There are two types of this instrument (SQM and SQM-L) used
in practice. The difference between them is in the angle of collecting light (see Fig.3).
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Fig.3. Solid angles of the two types of SQM.

An SQM works with a bigger angle, measures and counts the average of the thickness of
the incoming light quantity. An SQM-L does the same but with a smaller angle. All of our
measurements were taken with the device pointing to the zenith with an SQM-L to avoid the
effect of the disturbing lights of Szekszard on the horizon.

The favourable conditions for measuring are complex. It can be started when the night sky
is clear without the Moon and the Sun is 18 degrees under the horizon, and should end before
the Sun approaches the horizon up to 18 degrees again during its way at night. As long as it is
possible, artificial sources of light should be avoided. When measuring in the town this
condition is imperfect in some cases. Places with objects in the area such as trees that can
disturb the detector of the instrument must also be avoided. Directing the instrument towards
the zenith five measurements are made, the first two of which are ignored when evaluating
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them. These are less accurate data due to the time necessary for the instrument to warm up.

The other three data are then averaged. The co-ordinates of the venues of the measurements
are fixed by a GPS.

[~

Fig.4. The members of our study circle while measuring.

Certification of the instrument was done with the help of calibrated SQM instruments
gathering accurate data on the sand hills of Bacska in the area of Illancs, which is highly free
from light pollution. We got evidence that no correction is needed as our instrument measures
sufficiently accurately. We measured (Fig.4.) night sky brightness in Szekszard at places
relatively distant from each other. Later during our night outings among the vineyards we
surveyed the neighbourhood of Szekszard as well. A couple of times we drove along different
routes in the hills and stopped at places to measure (Fig.5.).
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Fig.5. The venues of our measurements. Left panel: Venues in Szekszard.
Right panel: venues in the hills of Tolna.

Quite a few factors made our measurements in the summer holiday difficult. For example,
nature in the first place, the unpredictable weather, the late sunset and the early sunrise.
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Because of these latter ones we had to make our measurements in the middle of the night.
Besides, other tasks of the students, family holidays or the fact that getting to more distant
points of the county is only possible by car also delayed our work.

DSLR PHOTOMERTY

After finishing our measurements in the summer of 2014, public lighting system has been
refurbished in Szekszard. The old high pressure sodium lamps were replaced with white
energy-efficient LED lighting. Our research team from the university measured the luminance
of the light dome of Szekszard by DSLR photometry before and after the reconstruction. We
used calibrated DSLR cameras with fisheye lens to get images with high ISO setting and long
exposure time. Our photos in raw format can be converted to false colour images to show the
distribution of sky luminance. With this method we could qualify different lighting systems
and draw attention to the possible environmental effects of the changes in lighting. As Fig.6
indicates, we obtained a decrease of the sky brightness in Szekszard [3].

Fig.6. Light dome of Szekszard. Top panels: before the reconstruction,
bottom panels: after the reconstruction. Left panels: normal images, right panels:
false colour images (Source: Z. Kollath).

OUR RESULTS
As it can be seen from the data below our SQM measurements showed that the quality of
the night sky of the hills in Tolna County is similar to those of the dark sky parks of Zselic
and Hortobagy.
Table 1. The measured data.

measured areas SQM-value

The average of the area of Szekszard without the centre 20.4

The edge of Szekszard at the vineyards 20.6

The average value of our measurements among the vineyards of Szekszard 21.0
SQM-values in the area of Hortobagy Dark Sky Park 21.0-21.5
The SQM values of an all-night observation in the area of Illancs 21.0-21.5

The average of the measured values in the area of the hills of Tolna 21.1
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CONCLUSIONS

The topic of light pollution proved to be an excellent project task. It was suitable to
combine biology and mathematics, deepen the students’ environmental awareness and last but
not least the cooperation within the measuring team, their enthusiasm and the joy of learning
playfully are all definitely serious pedagogic results. However, we find the pedagogic results
more important than the physical ones. Now it is the students who want to continue
measuring. We are going to take pictures of the hills of Tolna with DSLR photometry by our
fish-eye lens bought with the help of application sources. It will be exciting to measure the
sky brightness in the town and in its neighbourhood again with SQM after the public lighting
changes.
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INTRODUCTION

Science on stage is a pan European teacher network established in 2000 as Physics on
Stage which grew into Science on Stage in 2005. It is a non-profit association since 2011 with
administrative headquarters in Berlin. We believe that living out its motto “From teachers for
teachers” makes Science on Stage unique in Europe. By inspiring science teachers we provide
inspiration for our students, and therefore will make a difference in the supply of motivated
scientists in the future. The ultimate goal of science on stage is to improve science teaching
by encouraging creativity in science teaching, with teachers sharing ideas that have worked
for them in the laboratory and classroom. Through this we shall encourage more school
children to consider a career in science or engineering by spreading good teaching practice
among Europe’s science teachers.

Science on Stage has an expanding network of national committees (NSCs) in more than
25 european countries (1) who are responsible for selection national representatives for its
festivals and promoting the good teaching ideas from these biannual festivals and
consequently reaches about 100.000 teachers and teacher trainers each year. Each National
Committee works independently following certain agreed guidelines common to all, is self
funding from local industry, governments and educational institutions, and is supported from
the Science on Stage office in Berlin.

Fig.1. Teachers sharing ideas at a recent Science on Stage Festival
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Science on Stage has organised eight European festivals from 2000-2015, the latest being
in London, and the next is planned to be held in Debrecen, Hungary in 2017.

We draw together teachers of school children of all ages to share experiences and work
together on joint projects. We seek to promote science for young people via enthusiastic
teachers and we encourage teachers as to their own value and promote high quality teaching,
seeking to demonstrate the importance of STEM to children, to the public and to decision
makers across Europe.

ORGANIZATION

Science on Stage is organized through an executive board

7 members, elected every 4 years by representatives of the National Science Committees.
At the present time there are representatives from Cyprus, Czech Republic Germany, Spain,
Sweden, Switzerland and UK. The board meets regularly in between festivals to plan and
innovate for the future.

How does Science on Stage enable the international exchange from teachers for
teachers?

Many people know of science on stage though its biannual festivals which are attended by
delegates SELECTED by national Committees according to a quota system for each country
depending on the number of inhabitants. We therefore maintain a high standard of
presentation. Science on Stage festivals have taken place every 2 years at different venues
throughout Europe bringing together up to 350 science teachers (primary to secondary level)
from over 25 European countries. The national contacts can be found on www.science-on-

stage.eu

Fig.2. Teachers at the recent Science on Stage Festival in London (2015)

FESTIVALS

Science on Stage Festivals showcase the work of the teachers with over 200 stalls showing
a huge variety of projects from all STEM subjects. The Festivals are fully funded for
participants by the host country and Science on Stage Europe, so teachers simply have to
reach the venue. All else is provided for the 4 day festival. Follow-up activities are then
encouraged across borders. All participants are selected through national events in each
country. Each festival is carefully evaluated by recognized agencies, so that we can determine
how successful the programmes have been. See the science on stage website for the most up
to date information.

Evaluation
e 69% of the teachers attending said participation increased their motivation and joy in
teaching
e 79% of participating teachers have incorporated ideas that were presented at Science on
Stage into their own lessons

44



Science on stage

e 74% of teachers appreciated the opportunity to exchange experiences with cross border
colleagues

e 50% of participating teachers have incorporated ideas from Science on Stage into
teacher training events

(Reference: Evaluation Study carried out by Humboldt University Berlin)

The Science on Stage Festival is a platform for the exchange of new ideas and concepts in
science teaching. The follow-up-activities ensure the development and sustainable spreading
of these ideas and concepts.

First we encourage sharing ideas within one’s own country

All participants are encouraged to take ideas from the festivals back home, to share

i) within their schools and localities

ii) through teacher training events and conferences
and we know that a massive 50% of participants use ideas in training events to share with
others

Then we encourage sharing ideas and working across Europe and beyond

All participants are encouraged to make lasting friendships at the festivals which in turn lead
to working relationships and sharing of fresh ideas. 50% of participants maintain 5-9
European contacts after festivals

INTERPLAY: MY OWN STORY

Fig.3. The author

I first encountered Science on Stage in 2005 when I was privilege to be
selected by the UK National Science Committee to attend the Science on Stage
Festival in Geneva. This was for me, like others, a great eye opener, to meet
with so many like mined, enthusiastic teachers from a wide range of different
backgrounds and countries. After the conference, where I presented some ideas
on using magic to engage children, (that is magic that is based on scientific
principles rather than deceit) I came home with my head buzzing with ideas.

Two years later the festival in Grenoble gave me the opportunity to
represent the UK again and present a workshop ” What Happens Next?” and
meet up with colleagues from the previous festival. Several took up the idea,
and we shared some ways in which the workshop could be extended.
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Fig4. Large and small balloons. When joined the smaller balloon inflated
the larger one.

One such idea was the “ Two balloon experiment” where a less inflated
balloon will blow up, (surprisingly) a connected larger on. A discrepant event
to many, Zuzana Jeskova, a colleague from Sovakia, used this idea with her
students, and together were able to publish an article in the journal Physics
Education, “Balloons Revisited”. I was able to visit Zuzana in Kosice,
Slovakia and present the workshop there, and this led to further friendships,
and even now, in 2015, a joint article published in Physics Education with a
colleague of Zuzana. The workshop has since been presented in The
Netherlands, Czech Republic, Poland, Ireland, Scotland, Belgium, Italy to my
knowledge, and maybe other countries too, as the ideas now feature regularly
in the journal of the Institute of Physics, Physics Education. Whilst I write the
column, several colleagues from Science on Stage have been able to
contribute.

Fig.5. The author with students at staff in Kosice, Slovakia.

More recently 1 was elected to be a member of the Science on Stage
Executive and this has given me the privilege of serving the community more
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widely, helping with decision making on matters of policy, and supporting new
members of science on stage, We are a growing community and I fully expect
that the 2017 festival will see the largest number of participating countries so
far in Science on Stage's history.

And finally I can honestly say I have friends and colleagues all over Europe
now that | didn’'t have 10 years ago, a greater understanding of the different
educational systems, and more than that a greater insight into the current
situations around our continent and history of each nation.

In addition Science on Stage encourages its own follow-up projects alongside the
education festivals.
Teacher training events and travel scholarships

Workshops with international festival projects take place in every Science on Stage
country. Teachers can get scholarships for further exchange with their colleagues, to develop
project ideas together.

Science on Stage Europe provides funds to encourage...
“taking a workshop“ to another country

19 WORKSHOPS were formally funded across borders between 2013 and 2015,
and others took place informally. Many workshops were repeated in home countries
and participants used the ideas from workshops at the festivals to devise their own.

“working together on teacher initiated joint projects*

10 travel scholarships were formally funded between 2013 and 2015 and several
more have already been instigated following the 2015 festival covering a huge range
of topics. These enable teachers who participated in the festival to meet again and
continue their work and to develop new projects.

Development of teaching materials

Groups of international teachers from Science on Stage develop teaching materials
together. Results are published and spread Europe-wide; e.g. Smartphones in Science
Teaching (2014). The latest pan European is a group of 20 teachers from 16 countries
developing materials and a stage booklet on ,,science and football“ sponsored by Science on
Stage Germany due to be published in June 2016.

Some countries produce their own publications for European distribution both in print and
on line For example the Irish Science on Stage team have produced 5 booklets ,

300 in each print run and now on line, detailing some of the demonstrations shown at the
festivals. Free downloads can be accessed from http://www.scienceonstage.ie/ where videos
of the experiments can also be seen.

In fact since the 2013 there have been over 85 publications in different journals etc. Check
your own country’s website to see those in your own language!

FUTURE FESTIVAL

Countries bid with each other in order to be selected to host the next festivals, and at the
recent festival in London, Hungary was chosen to host the festival in 2017. It will take place
in the beautiful city of Debrecen between June 29" and J uly 2"2017.
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The festival will take place at the Kolesey Convention Centre in Debrecen, organised by
Science on Stage Hungary, the University of Debrecen and the MTA Atomki Institute in
cooperation with Science on Stage Europe.

Fig.6. Debrecen cathedral

Meanwhile, selection events are taking place in all member countries; follow up meetings
are happening across Europe; cross border exchanges are being planned; significant internet
cooperation is ongoing every week; joint papers are being prepared and published; good
practice is being shared, and all this from practicing teachers to other practicing teachers.

We know we are making a difference to STEM teaching across Europe and beyond.
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BECOME PART OF THE INTERNATIONAL FAMILY

You can check the website at

www.science-on-stage.eu

Get in touch with Science on Stage in your country
Read our Newsletter via

www.science-on-stage.eu/newsletter

The European platform for science teachers

*x X %
X

SCIENCE Y ON STAGE

v X  EUROPE

L§

Science on Stage Europe e.V.
Poststr. 4/5, D-10178 Berlin, Germany

info@science-on-stage.eu

The European Office in Berlin is mainly supported by the Federation of German
Employers' Associations in the Metal and Electrical Engineering Industries
(GESAMTMETALL) with its initiative think ING.

Member Countries of Science on Stage Europe (in population size order) are:

Germany, Turkey, UK, France, Italy, Spain, Poland, Romania, Netherlands, Greece,
Belgium, Portugal, Czech Republic, Hungary, Sweden, Austria, Bulgaria, Switzerland,
Denmark, Slovakia, Finland, Ireland, Slovenia, Cyprus, together with Canada, (special
arrangement). Further European countries with membership pending and to be ratified.
Ukraine, Macedonia, Latvia, Norway, Iceland.
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Throughout almost twenty years of experience running the Science Centre, I gradually
realized that it is not a centre of science that I am running. Promotion of Science is just one of
the tools used in order accomplish our main mission — inspiring curiosity and critical thinking.

Our society is facing a pandemic illness without a name but with clear symptoms of apathy
in place of curiosity and learning, looking for easy but shallow ways of acquiring knowledge,
no interest in seeking the answers to bothering questions, misinterpretation of dialog as being
just two monologues, believing instead of having doubts, critical thinking, checking and
proving...

There isn’t a single country that would claim their educational system is perfect, or even
that it is good. Experts are wondering when and where in the education process this curiosity
is lost.

Curiosity is something every single human being is born with. Not only humans, many
animals start their lives being curious. Curiosity is a driving force for the learning process. It
is fuel for the trial and error process — learning by mistakes that are nothing more than
personal learning experiences. Instead we have an educational system that despises mistakes
rather than looks at them as a necessary learning optimisation method and encouraging them.

Imagine a curious child raising a hand in order to get the attention of the teacher and ask a
question, pose a proposition or express a personal idea of the topic. This is one of the crucial
moments that will define the future level of curiosity of the whole class.
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There is a right and a wrong course of action. The teacher could respond with: “That’s a
good question/idea! Let’s talk about it.” “I don’t know the answer. Does anyone have any
ideas?” “Wow, great idea. What if we also take into account that ...” “This is a question that
also bothered great scientists at that time.” ...

The other response (that demands less effort) might be: “Don’t interrupt the class!” “You
should know that by now!” “What a crazy/stupid idea.” “We will talk about it later.” “We
have already discussed this. Listen more carefully next time!” “Can someone please explain
the idea to him/her. I am tired of repeating the same thing all over again and again.” ...

One can guess which option is a “curiosity multiplier” and which is the “curiosity killer”.
Both options directly signal to the curios person (but also to the whole class) the value of
being curious, but one option is treating this curiosity as a virtue (the holy grail for creativity)
while the other shows that the curiosity does not pay, that the curiosity is punished.

Curiosity is a very tangible substance that each teacher should nurture throughout life. It
triggers the passion for learning and creativity. It is also important as a teacher to exercise the
answer “I don’t know”. It is precious to admit the mistakes one makes while teaching
(especially if the teacher is alerted to the mistake by some doubtful student). This shows that
everyone makes mistakes. Moreover it gives the teacher the feedback that 1) students are
curious, 2) that they do care what the teacher is communicating, 3) that they don’t just believe
what they hear, 4) that they know to doubt and to think critically.

A good teacher is not a teacher at all. A good teacher is an inspirer that amplifies curiosity
and encourages doubts and critical thinking. Inspired students will learn by themselves

(Fig.1).

HAVING. READ, P.WIHE SEEN,
I HAVE | HAVE
FORGOTTEN, | pgMEMBERED. .

HAVING MADE
IT MYSELF,

Fig.1. One can never learn from others’ mistakes, only from your own.
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INTRODUCTION

”Science education is not only a question of advancing technology or of demands for a
scientifically qualified workforce, but is also a question of social goals. The aim is not solely
to produce more scientists and technologists; it is also to produce a new generation of citizens
who are scientifically literate and thus better prepared to function in a world that is
increasingly influenced by science and technology” [1].

Learning and education can be defined both narrowly and broadly: they can occur either
unconsciously or formally. One of the first to present this broader definition was in 1922 the
German philosopher Krieck [2] who used the term "unreflektierte Erziehung" — “education by
chance”. According to him, people also learn unconsciously through work, art, language and
culture. The whole relationship between human beings is an educational one. Philosophically,
informal education represents the ideas of freedom, in the spirit of Rousseau's tradition as
manifested, for example, in the work of A.S. Neill.

Learning in informal contexts has often been regarded as the opposite of formal education.
Even the names of the classic books — Deschooling Society by Ivan Illich [3] and The
Unschooled Mind by Howard Gardner [4] — have been provocative. These books also
contained harsh criticism of failures of schooling, which has alienated students from
meaningful learning. Moreover, they argued that learning from informal sources was effective
and motivating. These books have had a great effect on education and educational research.

Until the 1990s, informal learning solutions were often considered as unreachable ideals,
or informal education was used only as a tool for criticising school or school reforms. To
advance public understanding of science, new forms of education were actively sought.
Learning does not take place only in the actual world of school but in the presented world of
nature, parks, yards, science centres, gardens, and the media, as well as through the virtual
worlds of the internet and social media.

Since the 1990s, however, informal education has become a widely accepted and
integrated part of school systems. Despite this development, there has been less theoretical or
empirical research in the informal sector. Recently, learning in informal contexts has become
a more accepted part of science education.

A huge amount of information, especially about modern phenomena, is obtained in a
personal way from family, friends, and peer groups. Furthermore, the roles of television,
libraries, magazines, and newspapers are also essential. Museums and science centres have
regularly had increased numbers of visitors during the last decades. Despite this development,
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there has been less theoretical or empirical research in the informal sector [5]. ICT- and web-
based learning has totally changed the vision of formal education [6, 7].

The terminology of informal education is variable, due to, on the one hand, to the slight
difficulties caused by differences in school systems and, on the other, some translation
problems. One of the main difficulties is that pure informal learning refuses to be categorised,
and the definitions are not needed until informal learning becomes institutionalised. Learning
in informal contexts and open learning environments are the latest terminology in the field.

/’_

/ INFORMAL LEARNING
hiuseum
Family FORMAL EDUCATION
school system Special Education Lbeary
Pesrgroups Pre-schoal Vocational Schools SHencs
o Prirnary School Adulteducation IR
= Secondary
Higher Mass media
\ W j

\ LEARMING BY CHANCE _/

Fig.1. The relationship between the different kinds of education [8]

The relationship between the different kinds of education is shown in Fig.1, which is a
combination from several sources. Originally it was the scheme for educational statistics in
the UNESCO report Learning to Be — The Faure Report in 1968. It was used then for first
time to show the forms of life-long education.

To promote public understanding of science, new forms of education are actively being
sought. A huge amount of information, especially about modern phenomena, is obtained in a
personal way from family, friends and peer groups. Furthermore, the roles of television,
libraries, magazines and newspapers, and of course by ICT and web-based reality are
essential. Informal learning has often been regarded as the opposite and criticism of formal
education. However, since 2000s, informal education has become a widely accepted and
integral part of school system.

The terminology of formal education and informal learning has been clearly defined in the
literature for three decades now. The recent boom in informal learning has not changed the
view on the terminological level. However, out-of-school education is yet another essential
term. It means education that happens during school time and according to the curriculum, but
uses settings and institutes outside the physical school building.

SCIENCE CENTRE PEDAGOGY

The numbers science centres — and their visitors — have increased regularly during the last
decade. Most of these forms of education can be classified as informal learning, either
focused on young people via informal, out-of-school education programmes or as clearly
informal learning occurring totally outside any educational institutes for young people or
adults. We have to head towards the evidence based education via teacher training. There is
all too much anecdotes and every-day-experiences related to science education and informal

54



Making science understandable and meaningful

learning. There has to be more reliable link between research communities and teacher
training.

The role of informal learning is increasing in the modern societies — meaning the countries
which are developing their societies by investing and creating opportunities for research,
innovations, and education. The phenomenon is closely related to the growing impact of
science and technology in our everyday lives. Lifelong learning needs new practical forms,
and the formal education can learn something from the informal, open learning environments
like the science centres.

Hands-on learning is the main pedagogical principle of the science centres. This classical
“learning by doing” method is something that the science centres have been pioneering in
Europe during the last decades. The multidiscipline contents of modern science centre
exhibitions form a unique and reliable learning source. The most important results related to
informal learning underline the role of intrinsic motivation and the learner's own activity,
stimulated but not forced.

A science centre is a learning laboratory in two senses. First of all, it is a place where
visitors can learn scientific ideas by themselves using interactive exhibit units. Secondly, it is
a place where informal education can be studied in an open learning environment.

In the USA, the background to the expansion of modern science centres in 1960s was the
Sputnik phenomenon. The crisis in national confidence that resulted from the successful
launch of Sputnik had a knock-on effect on all education in the USA. The attitude towards the
study and teaching of science dramatically changed. The educational system in the USA was
totally reformed.

Exploratorium Science Centre started in San Francisco in 1968. In the 1970s and 1980s
there was a period when nearly identical exhibitions were built by science centres just by
copying exhibit units and whole exhibitions from other science centres. The main source for
this was the ‘Exploratorium Cookbooks’, which were to a large extent published for this
purpose. Many new institutes still utilise this concept for their main content which says much
about the international nature of science and science centres.

However, the staff of science centres adapts their national and local features with their own
ideas when choosing the content, design and programme ideas.

Frank Oppenheimer has been quoted as the creator of the science centre pedagogy. His
criticism of the passive pedagogy of science education derives implicitly from John Dewey's
ideas (1938) expressed in his thesis ‘learning by doing’. The same approach can be seen in
contemporary developments in science centre pedagogy: The famous hands-on principle
articulated by Oppenheimer is a corner-stone of the principle of interaction in modern science
centres. What Dewey and modern science centre pedagogy share is the accent on motivation,
free will and the learner's own activity, stimulated but not forced.

The growth of science centres since the 1990s is closely related to the developments of the
information society. Communicating science to the public via different media is not only a
matter of giving sufficient support for scientific research and academic education in society
but also a process of giving citizens their basic democratic rights in relation to scientific
information.

The continuing world-wide trend is for a broadening of the subject range of science centres
and an increasingly interdisciplinary approach to exhibition themes. One non-trivial problem
that has been raised in the discussion of the role of science centres and universities is related
to the meaning of the word ‘science’. In English, science generally means the natural and
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physical sciences and is often limited to physics, chemistry and biology. However, in
German, Swedish, Hungarian, or Finnish, the words ‘Wissenschaft’, ‘vetenskap’, tudomany,
and ‘tiede’ include the humanities, history, psychology, social science and linguistics. The
modern science centre must be able to present phenomena related to all academic research.
Accordingly, the content of the leading science centres in Europe has been planned in an
interdisciplinary way. The content of exhibitions is supported by a broad spectrum of
temporary exhibition themes. Also the recent PISA-results are showing the importance of this
relation and interaction between science and society.

Figure 2 presents the positions of a science centre in its relation to science, technology and
education. It can be well used in order to explain and express the main goals of the European
Commission Science with and for Society 2020 programme. It shows how these objectives
are met through the cooperation between universities, science centres, schools, teacher
education and school authorities. Science education is presented in at the point where science
and education overlap. Science and technology meet in the area of research and development
(R&D), within which academic research is used to develop industrial methods. Vocational
education is at the intersection of technology and education.

Fig.2. Education, Science and Technology in the context of Society & Culture [9, 7]

In the same figure, science centre is located where science, technology and education meet.
According to this description, a science centre features all of these three fields. Any
exhibition, event or educational activity like the science truck, combine these three elements
and adapt them to the nature of the specific content.

Out-of school education often uses informal education sources for formal education. It
forms a pedagogical link between formal education and informal learning. Science centre
education is one form of out-of-school education [10].
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The methods of informal learning have traditionally been used in, for example, the
teaching of biology, geography learning, science education, museology solutions, and art
education. To advance public understanding of science, new forms of education were actively
sought [11]. Learning does not take place only in the actual world of school, but in the
presented world of nature, parks, yards, science centres, gardens, and the media, as well as
through the virtual worlds of the internet and social media [12]. There has been few activities
related to mathematics education and learning in informal learning settings including science
centre exhibitions [13,14]. The international mathematics happening BRIDGES arranged
every second year is one of the few role models for this type of public understanding of
mathematics exhibition and activities. Such results have been multiplied in the literature [10,
6]. However; science, technology and engineering have traditionally been tactile and become
more and more visual, and many of the skills trained and taught are definitively not textual.
Therefore, “here might be a mismatch between the structure of the knowledge and the
structure of the print and language media traditionally used both impart and test that
knowledge” [15].

Positive attitudes towards the science and technology and the motivation for science
education are created at a young age both in the field of cognitive learning but also in the
more affective sides of education. “Feelings, beliefs and values held about an object that may
be the enterprise of science, school science, the impact of science of on society or scientists
themselves” [16]. Attitudes have shown to be formed early, hard to change after elementary
school. Because of this phenomenon, it is important to analyze and influence them before
transition to middle school. The change of these false pre-concepts are especially difficult, if
the attitudes have been formed more intuitively, automatically and on emotional basis than
more consciously in process of time [17].

The big challenge is the fact, that the attitudes of girls already early ages become more
negative towards science. Overall, students often tend to lose their interest by time. Therefore,
analysing motivation, attitudes toward science and science education are essential in order to
make predictions about whether and how the pupils will engage with science later in life and
their career. It is essential not just for the individuals but also for society and the economy.

Recently some promising results have been reached in this area. How do science,
technology, engineering, and mathematics attitudes vary by gender and motivation?
Attractiveness of science exhibitions were carefully studied in six countries: Belgium,
Estonia, Sweden, Latvia, Estonia, and Finland [18]. Science centres tend to give opportunities
to hands-on experiences in an attractive learning environment. The study analysed attitudes,
motivation and learning during a science exhibition visit, their relations to gender and future
educational plans (N=1800 sixth-graders). Pupils’ performance in a knowledge test improved
after the visit. Autonomous motivation and attitudes towards science predicted situation
motivation awakened in the science exhibition. Interestingly, the scientist attitude and the
societal attitude were clearly separate dimensions. The third dimension was manifested in the
engineering attitude typical for boys, who were keener on working with appliances, designing
computer games and animations. Scientist and societal attitudes correlated positively and
engineering attitude correlated negatively with the future educational plans of choosing the
academic track in secondary education. The societal perspective on science was connected to
above average achievement. In the follow-up test, these attitudes showed to be quite stable.
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CONCLUSIONS
The main results of the science centre pedagogy can be stated as follows [19]:

1. Science centre education is still too much based on anecdotes and everyday knowledge.

2. Motivation is the main outcome of science centre pedagogy: how to move from situation
motivation into intrinsic motivation!

3. Quality knowledge learning results can be achieved — but only by pre-lesson and/or
post-materials in context of science centre visit.

4. The teachers must have courses related to science centre pedagogy to receive” cost-
effective” learning results.

Also the European Commission’s Rocard Report [20] has underlined the importance of this
phenomenon. This report and other presentations describe the situation mostly in the pre-
schools, primary and secondary schools while we also see the trends around the formal
education. The role of learning in informal contexts is increasing in the modern societies —
meaning the countries which are developing their societies by investing and creating
opportunities for research, innovations, and education.

The digital technology and increasing computational complexity of daily practices are
reorganizing our society. The quality of science education in primary and secondary schools
is so rooted in the bright scientific history of Europe and so critical for its future that every
effort should be made to remedy a far from optimal situation, such as that which we observe
at the beginning of this 21st century. The European Union has all the necessary talents and
tools to rebuild a strong educational system in science, able to communicate to every young
person a taste for science, an understanding of its place in culture, and a vision of professional
careers.

Science affects everyone’s life. Thus, being scientifically literate is a civil right, and
science education should promote accessibility to science by an attractive, inviting and not a
too difficult pathway. However, both age and gender have to be taken into account. The
modern movement for public understanding of science started from the Sputnik-phenomenon
in late 1950s. Unfortunately, it seems that the humankind and the societies do react only after
crises already have happened like the Tsernobyl accident, or are clearly treating like the
Climate crisis. Scientific literate learners is one solution in the process of Science with and for
Societies in 2020s.
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ABSTRACT

Programmes of the Magic Tower are housed in six different locations, which are the Magic
Room, the Jedlik Anyos experimentarium (lecture-hall), the planetarium room, the
astronomical museum, the panorama terrace, and the Camera Obscura. Having gained
reputation, interest for certain programmes outside the building has increased. In the next
sections, the work in the Magic Tower is presented by introducing each location one by one.

INTRODUCTION

The Lyceum of Eger was built between 1761 and 1785 as the home of a university. The
key element of the building is the Specula or the Astronomical Tower (see Fig.1), where
astronomical research took place after the construction. Later on, the Tower started
functioning as an astronomical museum and the Eszterhazy Karoly College became its
supporter. In 2006, the College broadened its museum activities with interactive experiments,
experimental demonstrations, and planetarium shows [1]. Since then, the institute operates on
four floors under the name Magic Tower. Its main tasks include the popularization of natural
sciences, the scientific dissemination of knowledge, and turning young people’s interest
towards natural sciences within the confines of higher education.

Fig.1. Left panel: The Lyceum of Eger. Right panel: The Specula
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Fig.2. Left panel: A staff member presents an exhibited device. Right panel: The Bermuda
barrel at work. The black arrow shows the displacement of the toy ship

The Tower has about 24 000 visitors annually. Two third of them are primary and
secondary school students, the rest are tourists. Students visit the Tower according to a pre-
established schedule. Upon arrival, they are separated into parallel groups that explore the
stations of the exposition in different order. The itinerary of each group includes about 20
minutes in the astronomical museum, 30-35 minutes in the Magic Room, 15 minutes in the
Camera Obscura, 45 minutes in the planetarium room, 45 minutes in the experimentarium,
and 20 minutes on the panorama terrace. The whole program takes almost four hours. Tourists
spend less time, roughly 1 hour, in the Tower; they usually want to see only the museum, the
panorama terrace, and the Camera Obscura. The guiding staff of the Tower consists of
fourteen persons: nine college students, and four qualified members of the academic staff, all
of them employed with part-time contracts.

THE MAGIC ROOM

The Magic Room houses more than 30 interactive experimental devices that help visitors
to understand a wide scale of physical phenomena. These experimental stations do not only
encourage hands-on experiments to teach the fundamental laws of physics in a playful and
self-directed way, but they also give the visitors the opportunity to play scientific games. The
method of demonstrations in the Magic Room is very different from those of secondary
school. First, the professional staff describes the exhibited device and explains the law of
nature behind its operation, then the visitors can try them themselves (see the left panel of
Fig.2).

Our most popular experiments are the Bermuda barrel (see the right panel of Fig.2), the
Lenz’s law demonstrator (see the left panel of Fig.3.), and the hot air balloon (see the right
panel of Fig.3). The Bermuda barrel is a transparent water tank with a floating toy ship (see
the inset of Fig.2. right panel) whose average density is slightly less than that of water. At the
very bottom of the tank, there is an aerator. When the aerator is turned on, the water becomes
saturated with air bubbles, and its average density decreases to a smaller value than that of the
ship. The ship goes to the bottom and stays there until the aerator stops. This phenomenon can
possibly explain why ships get lost in the Bermuda Triangle.

The apparatus for demonstrating Lenz’s law (Lenz cannon) can be seen in the left panel of
Fig.3. It consists of an electromagnetic coil with an iron core, a switch, and a voltage source
connected in series. Initially, an aluminium ring rests on the coil. When the switch is flipped
on, the ring springs upward. The explanation is that the changing electric current in the coil
generates a changing magnetic field in the core. This changing magnetic field induces voltage
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Fig.3. Left panel: The Lenz cannon. Right panel: The hot air balloon is ready to start

and current in the aluminium ring. According to Lenz’s law, the induced current will create a
magnetic field in the direction opposite to the magnetic field in the core. Because of the
opposite direction of these two fields, the core and the ring repel each other. In our case, the
force between the “magnets” is strong enough to move the ring upward.

The hot air balloon presents the technology of the first successful human-carrying flight.
The structure of the balloon is the same as usual: envelope, wicker basket, and hot air
generator. The balloon can fly up to approximately 8 meters, but in this case, only the
envelope flies. The basket with the hot air generator stays down, because the volume of the
balloon is relatively small. The sideward movement of the envelope is prevented by a
vertically extended metal wire. The scope of experiments in the Magic Room ranges from
mechanical (e.g. hot air balloon, Bermuda barrel, Magdeburg hemispheres) through optical
devices (e.g. laser blackboard, kaleidoscopes) to interesting features of electromagnetism (e.g.
Lenz cannon). The operation of these devices gives delightful experience not only to children
and students, but adult visitors as well.

JEDLIK ANYOS EXPERIMENTARIUM

The experimentarium is a classroom equipped with the most modern tools of educational
technology where teachers of the Eszterhazy Karoly College give scientific lectures from
fields of biology, physics, geography, mathematics, and chemistry (see Fig.4.). These lectures
can be attended by classes of any primary or secondary school. The experimentarium also
gives place to other programs, such as postgraduate courses for teachers, meetings of the local
amateur astronomy club, and the Magic Tower Quiz, which is a scientific competition held
yearly for primary school students of Heves County. The main aim of the competition is to
popularize science subjects, although events are organized all year round in the Tower on
poetry day, Saint Stephen's Day, and Advent Sundays. These programs are not typically
scientific but science plays an important role in them.
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Fig.4. Experiments presented in the experimentarium. Left panel: The effect of ultraviolet
radiation on a quinine solution. Right panel: The effect of liquid nitrogen on a rose

ASTRONOMICAL MUSEUM (SPECULA)

The Specula started its operation in 1776 as an observatory. It was equipped with the most
modern astronomical instruments, which had been manufactured in workshops of London and
Vienna. In the museum, you can see many instruments with the most different working
principles: sundials, quadrants, reflecting and refracting telescopes (see the left panel of
Fig.5), etc. A special sundial can be seen in right panel of Fig.5. It is a combination of a
sundial, a cannon, and a burning glass. At noon, the glass concentrates the sunlight on the fuse
of the cannon igniting the gunpowder and makes the cannon fire. Left panel of Fig.6. shows
the great mural quadrant, which is an angle-measuring device. It is mounted on a wall
oriented towards precisely the meridian. Astronomers used it to localize the position of a
planet or a star. The special spectacularity of the museum is the Linea Meridionalis (see left
panel of Fig.6.) or the Midday Line. The astronomical midday in Eger is marked by the
moment when the shadow of a mark (see the inset of the picture) transits the Midday Line.

One of the specialties of the museum is that visitors get to see original instruments and
devices at their original sites. In addition, the museum offers museum pedagogy programmes
to visitors.

Fig.5. Left panel: Reflecting and refracting telescopes in the Astronomical Museum.
Right panel: The sundial cannon, it can indicate noontime by a cannon-shot
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Fig.6. Left panel: The great mural quadrant. Right panel: The Linea Meridionalis

PLANETARIUM

Our planetarium is equipped with a traditional planetarium projection apparatus. On the
surface of the 6-meter-diameter hemisphere the copy of the starry sky can appear realistically.
The planetarium programme shows the movements of stars and planets on the sky, and
completes the astronomical knowledge of visitors. At the end of the show, they can ask the
lecturer questions.

CAMERA OBSCURA, PANORAMA TERRACE

At the top of the tower there is the Camera Obscura architected by Miksa Hell (Maximilian
Holl). Camera Obscura is a dark-room with a rotating periscope projecting the view of the
city to a white, round-shaped, 266-cm-diameter table (see the left panel of Fig.7.). It is
interesting because there are only two other similar instruments in the world. After the
presentation, visitors can step out on the panorama terrace surrounding the building of
Camera Obscura (see the right panel of Fig.7.), and can admire the beautiful panorama of
Eger.

Fig.7. Left panel: The table of Camera Obscura. Right panel: The Camera Obscura surrounded
by the Panorama Terrace
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Fig.8. Left panel: Sun observation in Berekfiirdd. Right panel: A water explosion experiment
in a barrel with liquid nitrogen

The terrace is also the site of our telescopic observations and performances, which are
connected to the activity of the local astronomy club as well. The Tower has three reflector
and one refractor telescopes. During performances, staff members and amateur astronomers
operate the telescopes and help the visitors to understand what they can see. Depending on the
weather and the possibilities, the observed objects are planets, open clusters, galaxies, etc.

OUTDOOR PROGRAMMES

A couple of programmes can be taken to external sites. The staff members of the Tower
are often invited as guest presenters by schools, organisations, and companies. These
programmes are also very popular (see the panels of Fig.8.), the most popular one is the
Astronomy Week in Berekfiird6 [2].

CONCLUDING REMARKS

From the abovementioned aims of the Tower, the third one (young people’s interest) is
emphasised by social demand nowadays. Unfortunately, teaching of natural science subjects
such as physics or chemistry in Hungary is in crisis, young people’s interest is turning away
from the field of natural sciences. Under such circumstances, institutes and organizations like
the Magic Tower have a special opportunity and responsibility to do something in order to
turn back this disadvantageous progress. This is the reason why currently our “target age-
class” is the 15-18-year-old secondary school students. The numbers of invitations and
visitors have been increasing recently, which implies the need for human resource
development sooner or later.
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ABSTRACT

Science centres and museums have undergone a great evolution in recent decades although it
seems that, lately, the science museum model has been somewhat stagnant. Since the radical
changes of the mid-twentieth century, it has developed towards strategies in which visitor
numbers take precedence over other considerations. Alongside a school science that still does
not seem to attract a sufficient number of students to science, a trend has emerged with a
focus on “ fun science” in science centres and museums. We question this view and propose
the idea of “ seductive science” as an alternative to achieve long-term impact of museum
visits, with an emphasis on scientific museology principles and inquiry based learning.

INTRODUCTION

In recent times, more and more science centres and museums are aligning themselves with
the trend of presenting the visitor experience mostly as “fun”, thus identifying the visit with a
playful activity. A museum visit must certainly be unique and stimulating, but such an explicit
identification with fun-related aspects can, in our view, leave out of the picture the wealth of
other elements that a visit to a science centre or museum has to offer.

Let us first have a look at various factors that may have contributed to this trend:

»  The focus on visitor numbers as a measure of success. It is indeed surprising that this
is actually taking place in institutions that are meant to show how science works, with visitor
numbers becoming, in practice, the only performance indicator of science centres and
museums. Mission and vision statements always include a strong societal dimension, such as
promoting uptake of science careers [1]. Naturally this should be also an important part of the
evaluation of success, but we all know how scarce and difficult to obtain such evaluation data
are (see for example [2] for one of the very few longitudinal studies available). As a
consequence, there is the risk of just abandoning in practice the role of socio-cultural
leadership science centres and museums can have within their communities and replace it
with a focus on activities aimed at attracting ever growing visitor numbers. This is often done
without the realm of museographic language, sometimes even under the disguise of bold
experimenting with avant-garde museology.

*  The use of business-style market studies. Institutions with a strong societal focus can
certainly use market studies to gain a deeper knowledge of their public and so be able to
ascertain what they can offer that is most appropriate. Unfortunately science centres and
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museums apply such studies in the same way businesses do — in order to learn about public
demand and respond to it quickly. Paradoxically, one of the assets of science centres and
museums is their ability to offer their audiences experiences previously unknown to them and
for which clearly no demand will be detected via a direct and superficial market study.

* The identification of science centres and museums with leisure venues. Many
members of the public identify science centres and museums as good leisure alternatives for a
family day out keeping the children amused, rather than opportunities to share a creative
museum experience. Whilst this approach by visitors is certainly welcome, it does not imply
that museum managements have to share and cater for it as it is not aligned with the science
communication aims and objectives they set themselves.

*  The influence of “Braniac”-style TV shows. It may seem that science communication
works well as a TV product, if one measures by the proliferation of programmes that have
some degree of “science” in them, usually through spectacular science demonstrations that are
fun and entertaining. Without questioning the good intentions of the producers of such shows,
it has to be remembered that their main aim is not to communicate science, but to attract
audiences measured by means of “shares”.

* The influence of trends in schools. There is a current trend in schools which is
concerned with ensuring —to a worrying degree— that pupils “feel good” and enjoy being in
class, with the ulterior aim of preventing them from developing a distaste for learning, as it is
proven that learning is strongly influenced by the learner’s emotional state (cf. [3]). In this
context, the main reason why many teachers take their classes to science centres and
museums is for the pupils to have fun with science [4].

In summary, the demand both from school visits and family audiences seem to push
science centres and museums to offer fun. Pairing science and fun can, however, bring about
some unwanted consequences, as we will discuss in the next section.

FUN SCIENCE OR SEDUCTIVE SCIENCE?

Identifying science with fun can constitute a deceiving enticement towards science for the
public, and in particular for prospective students of science careers, who constitute one of the
main target audiences of a number of science communication channels, including science
centres and museums.

The day-to-day work of a scientist hardly qualifies as “fun” if one looks at long lab hours,
data analysis, or code programming, to mention but a few examples. A final year project
supervised by one of us showed that those pursuing a career in science tend to distance
themselves further and further from the concept of “fun” in science as they gather experience,
and that there are numerous other adjectives they come up with to define science, such as
fascinating, interesting, exciting, or important, for example [5]. In fact, assuming children will
only do things they perceive to be fun could be considered a patronizing attitude towards
them. Many children get involved in say, environmental or animal protection activities not
because they think they are fun, but because they realize they are important [6]. However,
repeatedly assuming they are only interested in fun could end up becoming a self-fulfilling
prophecy.

Moreover, there is growing evidence that making science pleasant and fun for student does
not go beyond improving their attitude towards science, as there is no correlation with
decisions towards science careers, as reported in [7]. A recent broad study by Reach Advisors
has shown that after a few years the most intense memory of a visit to a contemporary
museum is often related to real objects of particular museographic value, even in the case of
young visitors [8].
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Focusing on fun during science centre and museum visits also leaves out of the picture
educational considerations such as science centres and museums being ideal environments for
constructivist, inquiry based learning [9], [10], [11]. Moreover, this can even have a
backfiring effect in that it reinforces the idea that learning in class in inherently boring, the
“fun” being outside the classroom.

Another often overlooked danger of the idea of “fun science” is that it dissuades scientists
from getting involved in science communication, especially the most renowned and
prestigious ones. In a day and age in which we are making a big effort to persuade the
research community to get involved in public activities it is important to ensure they feel
comfortable with it, and trivializing their work by portraying it as a show without substance
certainly does not help.

TOWARDS SEDUCTIVE SCIENCE

We all know that another word for “fun” in English and other languages is “diversion”, in
one or other variant. In English the word “diversion” also kept the original Latin meaning of
“turning away” from the intended path. This coincidence is a handy illustration of our view
that overemphasising “fun” may “divert” or distract from the intended message about science,
education or science centres and museums.

As mentioned earlier, there are many other adjectives that can be applied to science and
which reflect much better what it represents: fascinating, exciting, thrilling... This is what
“seduces” the scientists to make them willing to endure the hard and less gratifying aspects of
research. They know that at the end of the process, obtaining results and drawing conclusions
is an unmatched intellectual experience.

“Seducere” means in Latin “to attract” and this is exactly what should be strived to in
science centres and museums — and in schools, too, we dare say—: to promote interest for
science; to prevent the children’s innate curiosity from fading off with time; to show pupils
that a museum visit provides more questions rather than answers; to facilitate that excitement
becomes fascination. To do so there are some fundamental elements a school visit should
feature, which we list here with our experience and research as a basis, and without aiming to
be exhaustive.

Collectively constructed science. The core of a science centre or museum is the
exhibition. It should become the field where students in small groups collect data, where they
observe nature, where the most exciting moments of encounter with the object or the
phenomenon will take place. These data can then be analysed in the workshop rooms —their
labs—, where they share ideas with their fellow students, and construct their own conclusions,
which they can then communicate to the other members of their school or family group.
Science is a collective human construction and in science centres and museums, there must be
a constant interplay of doing, thinking and communicating, just as in real science, and as
such, it is not necessary that everyone in the group does everything: there are different roles,
and it is not about having done every single task, but rather about having gone through all
intellectual stages and having taken part in the generation of new knowledge as a member of a
team.

Science as a story. First, science needs to be portrayed as a human endeavour in constant
change, embedded in culture, particularly in the culture of the visitors. To do so, science must
be told as a story, scientific language has to become a narrative that links concepts with
personal cultural experiences, almost like turning science into a new humanities discipline.
Starting an activity as a story based in the use of different communication systems will help
creating an emotional bond that can be referred to throughout its delivery.
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Fig.1. Various children at the Museu Blau (Barcelona), attentively listening to a museum
educator about a skull on display. Image: Museu de Ciencies Naturals de Barcelona.

Science in dialogue with other disciplines. On the other hand, in a museum natural
phenomena are presented out of their context. Objects displayed or exhibits that simulate
natural processes need educational approaches which redefine their contexts and link them,
again, to culture. This cannot be attained if science does not interact continuously with the
other disciplines. Science may well be the central axis for a topic, but at the same level as, and
in conversation with, other communication systems, the arts, mathematics, etc., so as to
incorporate one of the key aspects of any scientific development: creativity, as reported in
[12].

Consolidating learning. The museum is not a classroom, but the museum’s assets can be
developed to be an invaluable complement to classroom learning. In the science centres or
museums we have little knowledge of how the teachers make links between the visit and the
curriculum (or how the discussion will go on at home), as our contact time with visitors is
brief and fleeting. Yet it is clear to us that, since two thirds of the visitors are not only looking
for fun but for learning experiences, too, and 100% of teachers hope that learning will take
place during the school visit to the museum [4], we must ensure this actually happens. The
only way to achieve this is through a facilitated activity at the end of the visit in which
participants have to apply their learning and the changes in the way they see reality that have
taken place since they arrived. As we will mention below, the interplay of different
communication systems and interdisciplinary dialogue will be key to this.

Calm Science. It easily follows from the previous points that, just like science itself, the
whole process cannot be completed in haste. A visit to a science centre or museum has to be
relaxed. Not only because science cannot be rushed, but simply because a high level of
attention cannot be sustained for long periods of time, and it becomes necessary to alternate
between moments of intense stimuli that require high levels of attention and other more
relaxed ones that then allow to bring attention back to a high level. This implies that a
museum visit, especially a school visit, needs to be as long as possible so as to include the
necessary breaks. A whole morning would seem appropriate. But it is not only the delivery of
the actual activity what matters, there are other relevant aspects that need to be taken care of:
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a welcome at reception that is not rushed; moving through the exhibition floor quietly and
without running; museum staff talking in a low voice; and everything that contributes to a
calm atmosphere. This is radically different from the common scenario in which crowds of
children shout and run around, press buttons without paying attention, etc., to the desperation
of teachers, parents and museum staff.

Fig.2. Exhibition "Iriscendium: the soap bubbles lab” at the Engineering College of
Tarragona. A fascinated child spends an extended period of time with full attention in order to
make an iridescent giant soap bubble. Image: Ruth Dolado.

All this is certainly not easy. It definitely is not in the absence of a professional education
team. It is not if we do not have educators instead of explainers and guides, if we leave these
activities in hands of interns without much experience —internships are something quite
different— and without resources at their disposal, if we rely on temporary workforces
without continuity within roles. Highly knowledgeable educators are needed —visitors hope to
meet experts to help them understand [4]—, trained both in the subject matters and in
education, and prepared to deal with diverse audiences and adapt any part of the activity to
changing audience needs, knowing that it is their only shot with these particular members of
the public. We need educators that can cater for very different visitor groups, with radically
different needs and unknown expectations.

We know that in the current economic climate, advocating such a working model may
seem frivolous, but education is not, and there is a lot at stake. We know that we are not doing
particularly well, that citizens do not feel involved in the issues of science and technology,
that fewer and fewer young students want to become scientists. We need to act now.

Otherwise we will certainly contribute to the entertainment of the population, but without
effecting any change in how they see science in the long run or in their ability to recognise the
essence of what we call the scientific method. In such a scenario we do not need science
centres or museums — theme parks and shopping malls will suffice.
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ABSTRACT

An investigation was carried out to collect evidence that science centres can have a positive
effect on young children’s formal education in Physics and Astronomy. We explored whether
the science centre At-Bristol’s exhibitions and planetarium show align with the current UK
curriculum guidelines in Physics and Astronomy and the point of view of pupils, a science
centre educator and a teacher on whether they can increase further uptake of these particular
subjects later on. The evidence gathered showed a positive alignment between science centres
and curricular content and that science centres are indeed considered an adequate and
effective tool in supporting learning and inspiration for subjects such as Physics and
Astronomy.

INTRODUCTION

A report in 2001 stated that ‘in many developed countries of the world, science education
is seen to be in crisis. Pupils’ attitudes to school science decline progressively across the age
range of secondary schooling, and declining numbers of students are choosing to study
science at higher levels and as a career’ [1]. This suggested the importance to ensure primary
school children are kept sufficiently interested in the study of Science. Particularly in Physics
and Astronomy is interest likely to decrease at secondary school level [2]. It has been
suggested that this could be due to the subjects themselves or to lack of scientific knowledge
and enthusiasm from teachers [3].

As a response to this reality, many changes have been made in recent years to how Science
is taught across the UK and to the subjects covered. As many of the subjects covered in the
key stage 2 (KS2) National Curriculum are statutory, it is important to ensure children are
engaging with the right information inside and outside of the classroom. According to the
UK’s Department for Education the three main changes made to the primary school National
Curriculum in 2014 were towards ‘More focus on learning outside the classroom’, ‘New
content areas to be covered’ and ‘More types of inquiry are to be specified’ [4].

In 2014 the science centre At-Bristol had approximately 35,000 visitors attending
educational workshops at the KS2 level, an increase of 5,000 visitors with respect to the
previous year 2013 [5]. A suggested reason for the increase of visits to a science centre could
be linked to the government guidelines encouraging more focused learning outside of the
classroom in Science subjects.

Science centres are often used by schools to encourage a hands-on fun approach to
learning, but are also as important in supporting formal education [6]. Recent studies show
that with increased visits to science centres, young pupils’ existing knowledge is reinforced,
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allowing them to discover subjects in more depth inside and outside of the curriculum. A
report entitled ‘The Effect of Science Centres on Students' Attitudes towards Science’
concluded that ‘Science centres can be used by educators as an effective way of increasing
students' attitudes towards science.” [7].

On the other hand, a recent increase of students studying in Physics and Astronomy at the
level of Higher Education has been reported. The Institute of Physics published these statistics
in 2012 [8]:

*  The total number of full-time students in the first year of first-degree physics courses
increased by 25% between 2004/05 and 2009/10, from 3190 to 3975.

* In 2009/10, 51% of physics, 52% of astronomy, and 46% of chemistry fulltime first-
year students are registered on enhanced first-degree courses compared to 19% of
mathematics, 17% of electronic & electrical engineering, and less than 2% of biological
science students.

It is important to establish what factors have contributed to the growth in interest in
subjects such as Physics and Astronomy in order to be able to further promote and inspire
young children into having an interest in these and other fields. If science centres are
realistically creating exhibits and workshops that are aligned with the current Primary Science
National Curriculum guidelines there should be clear evidence that they are a useful
supporting tool for schools and families.

METHODS
Data were collected over a period of four months in a primary school and in the science
centre At-Bristol.

First, quantitative content analysis methods were used to look at the amount of significant
written content relating to Astronomy and Physics in the texts displayed on exhibits and in the
planetarium show script at the Science Centre. Key words were identified and their counts
compared to those in the KS2 National Curricular content. Irrelevant subject material, i.e.
words that were not featured in the National Curriculum, was removed from summaries to
simplify the detection of key words in the text.

Second, a classroom teacher asked a number of suitable questions to the year 3 pupils of
Shield Road Primary School. Their responses were analysed and quantified regarding the
pupils’ knowledge of Physics and Space Sciences.

Third, a structured interview was carried out on the Key Stage 2 classroom teacher;
predetermined key questions were asked, with the aim of establishing an academic opinion on
the subjects taught on the curriculum and what more can be done to encourage further study.

Finally, an unstructured interview was completed with an Education Officer at the science
centre, At-Bristol to gain insight into the current relevant Physics and Astronomy learning
tools at the centre and explore the opinions of a professional working in education outside of
the classroom.

RESULTS

The current National Curriculum at upper and lower Key stage 2 has 14 compulsory
Science modules that are to be covered in the classroom. Five of these modules are based on
Physical Processes and Astronomy.

The frequencies of selected key words relating to Astronomy and Physics in the 5 relevant
modules are shown in Table 1.
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Table 1: Frequencies of key words in Physics and Astronomy in the KS2 National Curriculum

Astronomy: Total Physics: Total
Earth 11 Light 28
Sun 8 Sound 11
Moon 5 Magnet 16
Solar System 5 Force 9
Planets 4 Electricity 7
Space 1 Gravity 1

Of an overall exhibit total of 164 in At-Bristol, 36 exhibits are directly related to Physics and
Astronomy. This is 22% overall. Key words correlating with the Physics and Astronomy
subjects covered in the KS2 National Curriculum were searched for in the exhibit texts as an
indication of how many are related specifically to the National Curriculum at KS2 (Table 2).

Table 2: Physics and Astronomy key word frequencies in exhibit texts

Astronomy: Total Physics: Total
Earth 22 Light 41
Sun 9 Sound 31
Moon 2 Magnet 21
Solar System 0 Force 9
Planets 7 Electricity 11
Space 20 Gravity 11

It can be seen that practically all the key words are covered with several occurrences in the
exhibit texts.

From the transcript used in the show ‘Exploring the Solar System’ in the Planetarium of
At-Bristol we identified the key words that align with the relevant National Curriculum
content (Table 3).

Table 3: Physics and Astronomy key words in the planetarium show

Astronomy: Total Physics: Total
Earth 39 Light 7
Sun 28 Sound 0
Moon 16 Magnet 0
Solar System 21 Force 0
Planets 21 Electricity 0
Space 6 Gravity 0

Whilst the absence of Physics key words is understandable given the topic of the show, a
Chi-Squared test shows that the distribution of words in the National Curriculum relating to
Astronomy is not significantly different from that of the planetarium show transcript (Chi-
square= 0.95), the P-value of 0.97 suggesting that the two distributions are equivalent.

The KS2 Planetarium show transcript covered 75% of statutory requirement topics that
pupils should be taught in the Earth and Space module at upper KS2, including:

*  Describing the movement of the Earth and other planets relative to the Sun
*  Describing the movement of the Moon relative to the Earth

»  The Earth’s rotation to explain day and night and the apparent movement of the Sun
across the sky
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Further, 50% of the non-statutory guided learning topics recommended in the Earth and
Space module are also covered in more depth throughout the Planetarium show, including

*  That the Sun is a star at the centre of our Solar System and that it has eight planets.
* A moon is a celestial body that orbits a planet (Earth has one, Jupiter has many)
*  Pluto is now a dwarf planet

Responses to questions asked by the teacher at Shield Road Primary School to 30 KS2
pupils show that only one third have a knowledge of what Physics is, that two thirds have
knowledge on Astronomy and Space that is not taught in school and that all would like to
learn more about these topics. Also, two thirds have already had the opportunity to pursue this
interest by visiting a Science Centre. (Fig.1).
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30.00%
20.00%
10.00%
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Astronomy and Astronomy and outside of school
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Fig.1: KS2 Pupils’ responses to questions asked by the class teacher

The interview of the teacher showed that she and her colleagues agreed that the pupils
would benefit from covering more topics in Physics/Space related subjects from a lower age,
to give a better basis for the subjects and open up a potential interest even before upper KS2.
Regarding interest in subjects that are not necessarily covered on the curriculum, especially in
Science subjects such as Physics she pointed out the need for appropriate facilities such as
science centres, museums and libraries, as it is sometimes difficult for parents to teach their
children Physics based topics outside of the classroom as they are often not educated in these
particular subjects themselves. Regarding school trips to At-Bristol and other opportunities to
get hands-on with science, feedback was overwhelming and many pupils came out with solid
knowledge of subjects they may not have been so confident in before, as well as expressing
less of a dislike for subjects they labelled as ‘boring’ beforehand. So she would largely
recommend more use of hands-on learning and encourage more trips.

The Education Officer of At-Bristol pointed out that Science Communication research
suggests that if teaching and understanding of Science early in Primary Schools is sufficient
then pupils are more likely to study the subject with confidence in later years. Ensuring pupils
are getting the correct teaching is key, using Science Centres or other tools is sometimes
necessary to support this. Visits to At-Bristol are designed to excite interest and build
enthusiasm in Science as well as support learning in school. Many students have the
opportunity to ask expert scientists questions that teachers do not cover and may not be able
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to answer in schools. It also gives students the chance to experience hands-on learning in
laboratories and resources that are limited in schools. At-Bristol also encourages parents of
children to come along and get involved with their children so they are able to engage about
subjects that they can learn together when they have left the science centre.

DISCUSSION AND CONCLUSIONS

The evidence gathered shows a clear alignment between exhibits and planetarium shows at
At-Bristol and the content taught on the Key Stage 2 National Curriculum, and that science
centres are indeed perceived by pupils, teachers and science centre educators as an adequate
and effective tool in supporting the content taught in school, particularly in difficult subjects
such as Physics and Astronomy.

A study published in 2000 explores children’s ideas in science. It explains that children,
even when very young, draw different scientific conclusions and each have personal ideas and
concepts when studying Physics based subjects. The study states ‘students approach science
in classes with previously acquired notions and these influence what is learnt from new
experiences in a number of ways’. The study goes on to explain that students acquire
information from several sources including texts and experimentation outside of class. It
concludes that using supporting resources is paramount to ensure all levels of students attain a
basic knowledge of Physics [9].

The views of the teacher and At-Bristol’s Education Officer are consistent with a recent
study on primary school children’s developments in Astronomy concepts in the Planetarium.
The results showed ‘significant improvement in knowledge of all areas of apparent celestial
motion covered by the planetarium program’. As well as results demonstrating that ‘The value
of both kinaesthetic learning techniques and the rich visual environment of the planetarium
for improved understanding’ [10].

This is further supported for example by a longitudinal study entitled ‘Factors influencing
elementary school children's attitudes toward science before, during, and after a visit to the
UK National Space Centre’ [11], which tested 10- and 11-year-old pupils from four schools
regarding attitudes toward Science and Space before and after visiting the UK National Space
Centre. The report concluded that nearly 20% of the pupils showed an increased desire to
become scientists in the future and that immediately after the visit all pupils showed a more
positive view on Space and a moderate increase in their views about the value of science in
society. It also stated that the pupils that visited the centre ‘showed a positive advantage over
the other children with regard to science enthusiasm and space interest’ and that ‘Two months
later, they continued to be more positive about being future scientist’. Again evidence shows
there is a clear positive change in young children’s attitudes toward science subjects when
involving interactive and hands on learning spaces.

Although many improvements have been made to the science curricular content overall in
recent years, this study suggests there is still a need for the inclusion of more Physics and
Astronomy subjects at early primary school level to encourage future study in science based
subjects, given that there is interest in such topics in KS2-aged pupils and that resources are
available to schools and parents to support the pursuit of this interest.
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ABSTRACT

We consider that environmental physics issues could be interesting for students, but these
topics are not included in the school curriculum. Organizing extracurricular physics events is
of great importance as they present aspects that are related to everyday life and environment.
We make an overview of experiments related to environmental physics displayed throughout
different European science centres. We present experiments related to this topic performed
during the annual event “ Saturday of experiments’ organized at the Babey-Bolyai University
— tsunamis, weather fronts, cyclones — and make suggestions for the possibility to display at
science centres without the help of an animator.

INTRODUCTION

For students the process of learning physics is a very complex one, partly because of the
abstract nature of many scientific concepts and of their mathematical representation. Topics of
different curricula are related to simple physical models which in most of the cases do not
relate to real-life situations. Because of their complexity, everyday life and environmental
phenomena are difficult to be represented mathematically, so they are avoided in high school
curricula. The other challenge of teaching these topics is to have an experiential approach to
help better understanding. As for the moment we cannot have an influence on national
educational policies, we try to summarise some informal learning activities to provide
learning situations about our environment. Such informal learning activities are offered by
science centres, different science events and student research projects. As an example of a
science event we present the Saturday of experiments organized by the Faculty of Physics of
the Babes-Bolyai University and the EmpirX Association.

ENVIRONMENTAL PHYSICS IN SCIENCE CENTRES

Museums and science museums in special have a special educational role. In the case of
museums the main motivational tools are intrinsic factors — such as curiosity, enjoyment in
learning and mastery of challenge. Thus, learning in museums has a different character from
that at schools, where extrinsic factors such as examinations, grades, approval of teachers are
common motivators [1]. Mihaly Csikszentmihalyi has studied different intrinsically motivated
activities [2]. He points out that this kind of learning is successful only when the challenge is
close to but slightly greater than the skill level of the person and when feedback is immediate.

In the best museums, learning is a multisensory activity. Exhibits are visually exciting and
most have a text to help explain the phenomena. But they also produce sounds and encourage
touching. Because of this richness, museums and exhibits have the opportunity to connect
with many different learning modes that people use.
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We have made a short inventory — some of them by personal visits, some from the
information provided by the scientific boards of the museums — of environmental physics
exhibits in different European science museums. We have gathered information from the
following ones: MUSE Trento, Italy, Phaeno Wolfsburg, Deutches Museum Munich,
Germany, At-Bristol, Techniquest Cardiff, Wales, Science Museum London, UK,
Technisches Museum Wien, Austria, NEMO Center, Amsterdam, Netherlands, Hisa
Eksperimentov, Ljubljana, Csodak Palotdja Budapest, Hungary. The playful atmosphere of
science centres leads many people to think of them as places only for children. But “playing”
is a serious matter in science education. It leads to the development of skills in observation
and experimentation and the testing of ideas, and it provides an opportunity to independently
discover order in nature.

Fig.1. Flow tank at Techniquest Cardiff [3]

We have found a diverse presentation of environmental physics related experiments, being
hard to summarize them in one paper. Phenomena related to fluid dynamics have a special
interest for us, as this is one of the topics which is avoided in our curriculum in high schools,
not only in the Romanian educational system, but in the Hungarian as well. The most often
presented phenomena are: turbulent and laminar flow, the Bermuda bubbles, vortices and
tornados. The flow tank appears in many museums in the form of a tank of fluid with shiny
mica crystals, inside which the visitor can move and rotate objects of different shapes with the
help of a magnet, like the one shown in Fig.1. from Techniquest in Cardiff. With the help of
these objects the visitor can experience the occurrence of turbulent flow and make
connections with phenomena experienced in everyday life. In some cases turbulent flow is
presented in connection with the atmospheric movements through a semi-spherical dome
which can be rotated by the visitor NEMO Center Amsterdam).

o 7 T .
Fig.2. The Bermuda bubbles experiment in At-Bristol museum [4]
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The mystery of the Bermuda triangle is a commonly known phenomenon where a number
of aircrafts and ships are said to have disappeared under mysterious circumstances. We can
argue about the accuracy of the data but our goal is just to find a possible explanation.
Laboratory experiments have proven that bubbles can, indeed, sink a scale model ship by
decreasing the density of the water [5]. Based on this, in many science museums the
experiment is presented with the name: Bermuda bubbles, which consists of a large
cylindrical tank filled with water and the visitor can adjust the amount of air released into
from the bottom of the reservoir. The visitor can observe (Fig. 2.) how the model ship sinks to
the bottom of the tank (At-Bristol). If the water is full of bubbles it is a much lighter fluid then
ordinary water, so water full of bubbles cannot hold the ship.

SATURDAY OF EXPERIMENTS AT BABES-BOLYAI UNIVERSITY

In our town, Cluj-Napoca, we do not have a functional science museum, but as one of the
major cultural, academic and industrial centres of Romania there is a real need to have a
science museum. We have tried to achieve something similar with the one-day event called
Saturday of experiments which is organized once a year. It is organized by the Faculty of
Physics at Babes-Bolyai University in partnership with the EmpirX Association in the main
building and the courtyard of the university every spring in April or May. In comparison with
science centres it is a low budget event, as the exhibits are low-cost ones, they cannot be used
individually, so each exhibit is presented by a guide. Even so, most of the exhibits are hands-
on, thus the presence of an animator represents an advantage facing science centres, as the
visitor has a person to ask his questions, to discuss the observed phenomena in detail,
reaching a higher level of understanding. More than 60% of the visitors are high school
students, as our aim is to keep their interest in physics alive. The animators are selected from
among the students of the Physics Department, who are prepared in advance by their tutors, to
present in pairs or teams a certain experiment and to reply to the visitors’ questions. This is an
excellent way to provide teaching practice for them. At each edition of the event, we present
around 40-50 exhibits, many new ones as well, but there are some much enjoyed by the
public, presented regularly. The visitor has free choice in both the experiments and the order
of visit, similar to the science centres. We print out leaflets with the map of the event site and
the location of each experiment. The event is with free entrance and it has become one of the
main scientific events of the city, attracting more than 1000 visitors not only from Cluj
County, but some schools are organizing trips for their students even from a distance of 300
km. The project Saturday of experiments was supported by grants from Bethlen Gabor
Foundation, Cluj County Council and sponsorship from SKF Romania.

As first impression is always important, at the entrance to the event we project one of the
main attractions of the day, like experiments with smoke rings or experiments with liquid
nitrogen. Smoke rings are produced by a card box (about 80x80 cm base) with a hole of about
30 cm on the top. The bottom of the box is replaced by a membrane. The box is filled with
smoke and rings are produced by hitting the membrane. We have used two boxes at the same
time to observe the collision of the smoke rings, too. Liquid nitrogen is used for several
experiments, like levitation of a magnet above a superconductor (Meissner effect), rapid
freezing and crushing of different plants or placing inflated balloons into liquid nitrogen to
observe the thermal contraction and expansion process of the air.

We have carried out a survey among the visitors about the most attractive exhibits in order
to have a feedback of the event. Visitors were requested to complete a questionnaire at the end
of their visit. They were asked to name the five most attractive exhibits. Among the most
cited was the one called tsunami, which consists in a long water tank (dimension of the water
tank: 297x12.8x35 cm), which is separated in two with a plexi glass. If at the beginning we
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make a difference of water level in the two sides, at the removal of the separator a soliton
wave is formed which travels along the surface, as shown in Fig.3. A soliton is a wave-packet
which maintains its shape while it propagates at a constant velocity. A remarkable quality of
these solitary waves is that they collide with each other and yet preserve their shapes and
speeds after the collision.

Fig.3. Soliton wave in a water tank, after the removal of the separator, presented at the
Saturday of experiments event in 2015

In attracting talented students towards the study of physics, a significant role have the
research projects realized by them. Inspired by the soliton waves, Vivien-Emdéke Bartha and
Botond Biro, students in Apaczai High School ran a project (simulation of known physical

systems) using the experimental setup presented above to prove the relationship (¢ =+/gH )

between the travelling velocity of the soliton wave (c) and the depth of water before the
separating glass is released (H), where g stands for the gravitational acceleration. They have
found a very good correspondence between the theory and the measured data. They
performed a two-dimensional computer simulation as well, which proved the formation of the
soliton wave in such conditions [6]. In this project they were helped by a supervisor, a PhD
student, David Deritei, a former student of the high school. This project shows that science
centres or science events may have long lasting influence on the interest in studying physics.

With the same setup we have presented weather fronts as well. For modelling the cold
front we put cold water in the left side of the tank, and warm water into the right hand side
(left panel of Fig. 4.). When releasing the separating glass, the water from the two sides mix
together like in the right panel of Fig 4. The difference between cold and warm water can be
highlighted by colouring the water in the left hand side. These experiments were inspired by
the fruitful collaboration between the Physics Department of Babes-Bolyai University and the
Karméan Laboratory from ELTE University in Budapest. About similar experiments in this
laboratory you can read in detail in the paper of Miklos Vincze: Modelling climate change in
the laboratory, published in this same proceedings book of the conference.

A

Fig.4. Left panel: Water tank separated in two by a glass with cold water in the left and warm
in the right. Right panel: After removing the separator, the cold water moves similarly with
the cold front [7]
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Some atmospheric phenomena are intriguing, such as the von Karman vortex street
(Fig.5.). It is a repeated pattern of swirling vortices behind objects in a stream of a fluid. They
appear on the two sides rotating in opposite direction and are caused by the unsteady
separation of flow [8]. In order to save water, we use a cylindrical vessel with water on a
rotating disc. We introduce the needle of a syringe that stands as an obstacle in the stream of
water created by the rotation. The red ink released from the syringe is for visualizing the
vortex street (left panel of Fig. 6). The syringe is moved slowly from the margin to the centre
of the vessel, as the vortices can be seen for longer time. The von Kérman vortex street is
visible behind the syringe as in the right panel of Fig. 6. Animators used to explain that vortex
street is observable in our direct environment around a stone in a stream of water and could be
tested with the help of some leaves dropped into the stream. Another example is the fluttering
of a flag generated by the flagpole.

Fig.5. Landsat 7 satellite image in September 1999 above Selkirk Island, off South America.
Credit: Bob Cahalan/NASA, USGS

Fig.6. Left panel: rotating disc with cylindrical vessel with water, Right panel: von Karman
vortex street visible behind the syringe

According to our information, the latter two experiments presented above are not displayed
in science museums, but because of their expressivity we propose them to be adapted in a
hands-on manner. As for the case of the von Karman vortex street experiment, the visitor
could adjust the rotational velocity of the vessel, and to manoeuvre the syringe. With a robust
construction, the experiment could be run safely even by a young student, in order to be
displayed in a science museum.

CONCLUSIONS

Science museums have a diverse field of experiments, and in each case we have found a
huge number of exhibits related to environmental physics: energy production and conversion,
fluid dynamics, pollution, waste management. In this paper we presented only those related to
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fluid dynamics, as we think they are of great interest, because this topic is missing from the
school curriculum, and related to it some new phenomena could be presented in science
museums as hands-on experiments. We propose two experiments to be presented in this way:
the tsunami and the von Karman vortex street.

The Saturday of experiments science event has the following advantages: possibility for the
visitor to ask questions about each exhibit, to have a discussion on the observed phenomena
with a young scientist, it is a low budget event, the explanations can be adapted according to
every age group and to the level of the individual knowledge. The event is a proper way to
give the university students practice in both teaching and team building. Disadvantages of
these events to the science centres: a lot of volunteers are needed, sometimes it is
overcrowded at some exhibits, so some visitors could miss out some experiments, it is
organized only once a year. The Saturday of experiments is a very good way to promote
science in general and physics in particular, thus completing the formal educational tools and
even leading to engage high school students in demanding research projects.

There are cases when science centres try to promote science in a more direct way. This is
the case of Hisa Eksperimentov from Ljubljana, where each year a three-day long science
festival is organized with a lot of volunteers engaged reaching outside the walls of the
museum, and engaging the entire town centre into exciting science lectures, presentations and
events. This way physics can reach the general public.

Science museums and science events as well, regard learning in a minimally guided approach,
described under a variety of names: discovery learning, inquiry based learning or experiential
learning. Formal education can use these methods only rarely, thus these events and institutions
are excellent for deepening some existing structural competencies and knowledge [9].
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ABSTRACT

Our school organized an experiment show day for the eighth time in 2015 where students
demonstrated and explained experiments in physics and chemistry (in the last two years in
biology, too) to their fellow students. In this article I will provide a short review of the history
and organization of the full-day experiment programmes held for the public annually. I am
going to report the way how the composition of the visitors, their number, and their opinion
have developed during each programme. My accompanying students demonstrate a few
physics and chemistry experiments chosen from the former show programmes, which can
motivate learning physics and chemistry.

INTRODUCTION

In this article I am going to introduce our “Physics show”. The show is a round-the-clock
presentation of physics experiments. It takes place in our school, in Szent Laszlé AMK, in the
city of Baja, usually in late April. The first show was held by students from the study group of
physics in 2001. The renewed shows have continued since 2007 with attached chemistry and
later biology experiments. The shows are organized year by year by study group and science
workshop students with the help of their teachers.

THE PREPARATION FOR THE “SHOW”

After selecting the experiments, we choose the members of the groups for presentation.
They practise in study groups, in science workshops, in the afternoons and sometimes in class
if the experiment fits in the curriculum. We advertise the show in schools in town and in
nearby villages, in newspaper ads, in the local radio and TV and on the Internet. Fig.1. shows
the number of students carrying out experiments
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Fig.1. The very first show was held by only the study group students in 2001. Since 2007
volunteers also have been able to take part along with the study group students
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VISITORS
The visitors of the show consist of our students, students from the schools in the area, their
teachers, and children from the nursery school. We have very positive feedback. They expect

to have it every year and encourage us to organize it again. Fig.2. shows the estimated
numbers of the visitors of our show.
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Fig.2. The estimated number of visitors based on preliminary registrations. In 2008 the show
was held in two mornings

EXPERIMENTS

We selected experiments from books and from the internet. We have already demonstrated
mechanics, electricity and magnetic phenomena, light and heat phenomena, nuclear physics
together with chemical and biological phenomena. Fig.3. shows the increasing number of
experiments in the shows. In 2011 on the anniversary of the discovery of the nucleus we
carried out exactly 100 experiments [1].
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Fig.3. The increasing number of the physics show experiments

THE FIRST EXPERIMENT: ELEPHANT TOOTHPASTE

In this experiment, 30% or 35% hydrogen peroxide is mixed with some liquid soap, and
then a catalyst is added (potassium iodide), to make the peroxide break down rapidly. As the
peroxide breaks down, it releases a lot of oxygen. It results in a very showy outpouring of tiny
soap bubbles. Hydrogen peroxide contains a lot of oxygen. The more concentrated the
peroxide is, the more oxygen it releases. The oxygen gushing out is what makes the soap
bubbles move. As the peroxide breaks down the soap that was mixed in will also combine
with the water and turn into foam. A burning match reveals the presence the oxygen. Often
some food colouring is added before the catalyst, which makes the resulting column of foam

gushing out look even more like toothpaste. Fig.4. shows a student dropping a match into the
foam [2, p.638].
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Fig.4. A burning match began to glow dazzlingly because of the oxygen.

THE SECOND EXPERIMENT IS: HYDROGEN GUN

Our hydrogen gun is made from a plastic film box attached to a plastic tube. We filled the
film box with air mixed with hydrogen. Hydrogen gas is produced by reacting an active metal,
zinc (Zn), with hydrochloric acid (HCI). Having fixed the top, the compound is blown up with
a sparkle made by a piezo-lighter. This exothermic reaction yields 286 kJ/mol of water
formed. The rapid release of a considerable amount of energy causes the surrounding air to
expand suddenly, resulting in a sharp explosion. The best ‘pop’ is usually achieved with a
mixture containing 20 - 40 % by volume of hydrogen. Fig.5. shows the ignition of the mixture
by a piezo-lighter [2, p.461.].

Fig.5. By pushing the piezo lighter Doéri starts the combustion of hydrogen-air mixture

THE THIRD EXPERIMENT: A LAMP FROM PENCIL REFILL

A thin pencil refill is placed between alligator clips fixed to a stand. It is connected to the
power supply and the current is slowly increased. The thin graphite starts glowing due to the
Joule-heat and then the carbon goes into reaction with the oxygen. At this time the pencil
refill begins to glow dazzlingly. We cover it with a glass shade. The light goes out when the
graphite burns away and cracks. Fig.6. shows the glowing refill when current flows through it [3].
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Fig.6. The pencil refill starts glowing dazzlingly because of the Joule heat. The reaction
between the carbon and the oxygen increases temperature

THE FOURTH EXPERIMENT: CONDUCTIVITY OF GLASS

Bulbs are set up in serial connection, one of them is broken and the tungsten filament is
removed. This light bulb is heated in the closed circuit. When all the glass has melted
permanently the other lights starts glowing again. Glass is in fact is a high viscosity liquid.
During heating its viscosity decreases and it is able to flow (ductile over 600 °C). Cations can
always be found in glass (Na*, Ca**, Mg®* as well as anions (HCO; , BO5®"), which are able
to move due to the electric field resulting from an electric current. If it cools down, it will stop.
Fig.7. shows heating the glass of the broken bulb and the other one beginning to glow [4].

Fig.7. Tiinde heats the glass of the broken bulb to melt it

THE LAST EXPERIMENT: BURNING MONEY

Prepare a water-alcohol mixture by combining rubbing alcohol with of water. Make sure to
stir the mixture thoroughly. We used 50 ml of 95% ethyl alcohol with 50 ml of water. Borrow
a bank-note from your friend. Dip it into the mixture of water and rubbing alcohol making
sure it is completely soaked. Remove it using the tongs - squeeze out any excess liquid. Hold
one end of it with tongs and light the bottom of it. The bank-note will seem to be burning, but
it should not burn (famous last words). When the flame is completely extinguished, it is safe
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to touch the money... you will find that the money is even cool to the touch. Alcohol burns
with an almost invisible blue flame. One trick is to add a little table salt to the water-alcohol
mixture to make the flame more visible. The water from the water-alcohol mixture absorbs
much of the heat energy that is generated when you light the bank-note. If you reduce the
amount of water in the mixture, the paper money is likely to be charred or even catch fire.
Fig.8. indicates the girls burning my 5000 HUF [5].

Fig.8. My “bad” students are burning my bank-note, fortunately they are not able to

POSITIVE OUTCOMES

In our school only a few students want to take a final exam in physics. As a consequence,
they show little interest towards the theoretical and calculation problems of the subject. These
events arouse the students’ interest towards the phenomena and the experiments. During work
they appear to be patient and try to be precise.

They are open to recognise interesting experiments found on the Internet. If necessary,
they gear the given experiment to our facilities, to our appliances at hand. Their self-
confidence grows when the experiment compiled and revised by themselves works. Even if it
does not work, their endurance and creativity improve while correcting. Their communication
also improves. They are proud to show and explain the experiment to the visitors, especially
to their fellow students and teachers and do it in a very concentrated way.

They get better at experimenting and at manual skills. They become more patient, they get
to the core more easily, sometimes even their aesthetic skills improve during the preparations
and the presentation. They get more involved, certain rules and concepts get meaningful for
them. Their skills in dealing with problems improve especially in solving practical difficulties.
Their efficiency in learning academic curriculum gets better after they have relived the joy of
understanding and carrying out an experiment. They enjoy showing and explaining
experiments to visitors, their attitude towards the subject improves. Most of the visitors are
students from our school who take in the explanations coming from their fellow students
better than the usual teachers’ ones.

On the whole, the episodes of the physics “show” mean twice as much for the presenting
and the visitor students as even a double-time longer physics lesson. During the consecutive
weeks several of them would like to take part in the presentation, in the work of the study
group and ask about the date of the next show.
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ABSTRACT

The fire tornado is a special natural phenomenon that can be produced artificially, too. It is
significant in the science centres because it is really spectacular and easy to show. Moreover, it
models a large range of phenomena in physics, technology and chemistry. Therefore, it can be
applied in experiments as well as in study groups. A popular device modelling the fire tornado
has been developed by the Mobilis Science Center. The phenomenon can be presented in several
ways. We can demonstrate the turbocharger, the gas turbine, the conditions of burning, and the
chemistry of flame testing with it. A simplified explanation of the complex hydrodynamic
processes taking place in a fire tornado will be also presented.

1. NATURAL PHENOMENON

Fire tornadoes are vertical fire whirls which can be observed in wildland, urban, and oil spill
fires and volcanic eruptions. Fire whirls have also been called fire devils, fire tornadoes, and
even firenadoes. Their size extends from 1 meter to 3 km in diameter. They can be observed
easily due to the burning gases, ash and smoke. Fire whirls are rare but often devastating forms
of fire which may occur for example when a stronger convection blows into a forest fire [1].
Due to the convection the fire is often transformed into a several meter high, rotating fire
column. Fire whirls accelerate combustion, produce significant suction pressures and lifting
forces, and can carry burning debris. Studying them is very important because of their great
potential for damage when occurring in nature [2, 3]. The dynamics of the fire tornado is similar
to other swirling atmospheric phenomena such as dust devils, waterspouts, and tornadoes [4].
Although fire tornadoes are rare and special natural phenomena, they can also be easily
produced artificially. Fire whirls produced in laboratories are widely used for the investigation
of the properties of the fire tornadoes [4-6]. Besides their scientific values, these whirls are very
spectacular and therefore might be tools for motivating students for learning physics. In the
following we are dealing mainly with these latter aspects of the phenomenon.

2. ARTIFICIAL FIRE TORNADO

Artificial fire tornadoes are very spectacular and therefore they are very popular experiments
at physics demonstrations of Science Centres. Lots of films about them are available at Youtube
[7] too. The phenomenon can be produced in several ways, it can demonstrate a lot of
phenomena in physics and chemistry. The fire tornado can be easily demonstrated with the use
of simple devices in the laboratory. We need a rotating disk, a small non-flammable bowl and
acetone. (Any other easily flammable liquid is proper e.g. 96 % alcohol.)

Put a small bowl into the middle of a rotating disk. Fill it up with acetone (about 50 ml) then
set it on fire. A slightly flickering flame of about 15-20 cm height appears. Starting to rotate the
disk, nothing special happens. The height of the flame remains about only 15-20 cm. However,
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if the small fire column on the rotating disk is covered by a cylindrical wire mesh the flame will
grow up and twist. Reversing the direction of the rotation the flame twists in opposite direction.

3. THE PHYSICS BEHIND

In spite of the popularity of the artificial fire tornadoes, their physical explanations available
on the Internet are often insufficient and incorrect. The reason for this maybe is that the
underlying physics is complex, the mathematical description of the phenomenon is not simple
and the various approaches presented in the scientific literature are too sophisticated [5, 6].
However, in our opinion, taking into account the experienced properties of the artificially
produced fire tornadoes a relatively simple approximate explanation can be given for them.

Our experiments - in accordance with the literature - have clearly shown that the
development of a fire tornado needs a flame in which burning gases are ascending in a buoyant
plume and the length of the flame can be increased by imposing rotation on this plumel.
Keeping constant the rotation velocity and the burning rate a steady fire column is created.
According to detailed investigations [3, 5] this hot column is rotating as a rigid body, therefore
its azimuthal velocity increases proportionally with the radial distance measured from the centre
of the whirl.

The phenomenon is analogous with the whirl coming to existence in rotating a water column
(Fig.1.). Pour some water into a magnetic mixing bowl, scatter some tiny buoyant plastic
granules onto the surface of the water and start to rotate the water. A conical whirl is appearing
and is getting deeper and deeper, the tiny pieces are gathering on the side of the cone, some
detach from the surface and move downward. Throwing more granules into the water, it can be
seen that the pieces go closer to the axis of the whirl [8]. The water whirl corresponds to an
upside-down fire tornado, where the tiny plastic pieces with low density correspond to the hot
gases [9].

The two phenomena differ in the boundary
conditions. While in the fire tornado the less dense
warm air is flowing inward along a rigid ground, the
whirl of the water column is generated in a
cylindrical vessel of rigid wall. In the latter case the
centrifugal force presses the water outward, which
climbs on the wall of the cylinder and produces a
conical surface. Therefore the height of the water is
increasing with the increase of the radial distance
and due to this a pressure gradient force rises, which

Fig.1. Water whirl Left panel: with  balances the centrifugal force. The tiny plastic pieces
plastic granules [photograph taken are floating on the conical interface of the water and
by the author in the von Karman Lab  air. The tiny buoyant particles move in the water and

of ELTE]. Right panel: with coloured  in the air upward and downward, respectively.
oil [10]

The existence of the stable and steady rigid body-
like rotation of the fire tornado can be supported by simple arguments. The reasoning can be
accomplished either in inertial or in accelerating frames. The comparison of the two ways might
be very instructive for secondary school students. In the frame rotating together with the flame

! According to our experiences at the beginning of the rotation the length of the flame increases with
the increase of the angular velocity. However, reaching the angular velocity of 9 1/s, the fire column has
not increased anymore; moreover it decreased a little, to the half of the height of the mesh. It means that
a fire tornado has an optimal angular velocity to make the fire column be the highest.
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column, the air particles are at rest due to the balance of the centrifugal and pressure gradient
forces. With the notation of Fig.2. the forces acting on a cubic particle are:

Fhidr._Fcf =0
Frigr. = p(r + Ar)Ar? - p(r)Ar? = Ap Ar?

Fef = pruiat @*Ar?

Ar

F_: Pparicie [
of hidr.

i
>
! r Ar

Fig.2. Air particle in the rotating flame column

It means that in the rotating fluid the pressure gradient is:
i—f = pfluidrwz

If there are density fluctuations in the flame and the density ppar¢icie Of an air particle differs
from that of its environment then a buoyant force acts on it. Due to this force the particle moves
inwards (toward the centre of the rotation) if pparticie < Priuia> Otherwise if Pparticie > Priuias
it moves outwards. In the flame columns generally temperature fluctuations lead to the density
fluctuations. Therefore as a consequence of the temperature fluctuations a secondary flow is
generated in the flame column, hotter gas particles flow toward the rotation centre. This
secondary flow strengthens the convection of the hot gas and lengthens the flame column. Due
to the lengthening of the flame column its rotation is also accelerating. The effect is similar to
the acceleration of rotation speed of figure skaters when they pull in their originally outstretched
arms and decrease their rotational inertia.

A common misinterpretation of the phenomenon is based on Bernoulli’s law. According to
this explanation the pressure at the two sides of the mesh is different due to Bernoulli’s law,
therefore the air is flowing outwards at the mesh. This outflow is compensated by a descending
flow along the mesh. This descending flow strengthens the upward motion of the air in the flame
which - as a consequence of this - is lengthening and tightening. However, the Bernoulli-effect
in this case is not strong enough to influence the flow largely. Because of the 1-mm thickness of
the mesh and its relatively low azimuthal velocity air pressure difference is negligibly small
between the two sides of the mesh.

A more correct interpretation may be the following: The inner surface of the cylindrical mesh
drags the air so the flame starts to twist. The hot gases with small density flow up, as in a
chimney, and they pull the flame up. The entrainment of the fresh air can occur only through the
holes of the mesh.

4. THE APPLICATION OF THE FIRE TORNADO IN SCIENCE CENTERS

4.1. THE SOURCE OF THE IDEA

We have seen an artificial fire tornado for the first time at a demonstration performed by
Laszl6 Robert Zsiros [11]. His construction, the idea of which originated from Heureka Science
Center in Finland differed from everybody’s one.
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Zsiros used a boxy shape trash can instead of the cylindrical wire mesh for covering the
flame. This setup was also suitable to create a fire tornado.

2. SELF-DEVELOPED VERSION

In Hungary the Mobilis is the only Science Center which presents the fire tornado as an
experiment in science-shows and roadshows as well. We have remade the model and it became
safer, more spectacular and still portable.

The data of our self-constructed device are the following: the thickness of the wire of the
cylindrical mesh is 1 mm, the diameter of the holes of the mesh is also 1 mm, and the centres of
the holes are 3 mm far from each other. The diameter of the cylinder is 40 cm, its height is 1.1
m. The flame obviously grows up to the top of the cylinder.

Preparing the cylinder (Fig.3.). A flat highly perforated plate of 1 mm thickness was bended
into a cylinder of 42 cm in diameter. The bending of the plate was to be made cautiously
because during it high forces are arising in the plate. The edges of the plate were fastened by
five screws.

Fixing the cylinder and the fuel bowl Three L shaped steal plates were fastened to the
rotating disk leaving narrow gaps between the rim of the disk and the vertical part of the plates.
The cylinder should be slipped into these gaps to fix it. The fuel bowl was fastened by three
nails.

Safety conditions: The safety implementation is very important because most people are
afraid of the experiment. After lighting up the acetone, refilling is dangerous and it is forbidden.
The removing of the cylinder is also forbidden until all the fuel has burned out.

This self-made form has won a prize at an experiment innovation competition which was
hosted by the OFI (Institute for Educational Research and Development) and the EvoPro Kft
together [12]. These Institutes made a promise to develop a standardized production from this
equipment which can be easily used for demonstrations at schools.

Fig.3. The self-developed fire tornado and the equipment

4.3. SCIENCE CENTER MODELS ABROAD

The Science Centre Singapore has got a 5-mhigh device. For this equipment - as it can be
seen in the video [13] the air flow is ensured with strong blow. This form is very spectacular but
it is not interactive. The construction is very complicated and not portable.

The Phaeno Science Center in Wolfsburg, Germany has got a more than 6-m-high
equipment. This construction is one of the most popular experiments in Wolfsburg. The air flow
is ensured by ventilators which suck up the air from the space above the fire column. [14]

There are fire tornadoes which work with upper ventilators in Poland at the Copernikus
Science Center (Warsaw) and in England at The Magna Science Adventure Center (Rotherham)
too. Each of these pieces of equipment is several meters in height and is not portable.
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5. METHODOLOGICAL AND DIFFERENT MODELING OPPORTUNITIES

5.1. WHY DOES THE MOBILIS SCIENCE CENTER USE IT?

The Mobilis Science Center has a unique subject in experiments, it focuses on car-vehicle-
transport. The other Hungarian Science Centers are dealing universally with natural sciences and
they append some concrete natural or technical applications. The philosophy of the Mobilis is
reverse. We show technologies from the vehicle industry appending natural science analogies
and explanations. Mobilis is located in a 1200 m’ building. We have got 70 interactive
exhibition devices and present physics-laden science shows, roadshows. We have also led study
groups. In science shows, we present and analyze, for example, the fire tornado.

5.2. UTILIZATION

The experiment models a reverse-acting gas turbine, where we can increase the burning by
rotating the cylinder. The real gas turbines work in the other way. The burning engenders the
rotation, for example in the case of the jet planes. It is similar to the turbocharger because it
flows more air into the combustion chamber. A Science Center which focuses on the vehicle
industry has to present these analogies as well.

It holds the opportunity of interactivity. It is suitable for a teacher-led demonstration, but only
works in small groups; over seventh or eighth grade students can do it independently. The kids
can do the cap filling and setting the fire, but putting up the cylinder is two people’s job. Doing
the experiment needs an adult observer or a teacher. Scientific birthday can be held with it.
There is a big demand for scientific birthday parties in our center. There the kids do
experiments, they play and they can watch a special science show as well. The celebrated kid
can rotate the candle on the cake, the fire tornado. It can be applied in chemistry lessons. We can
recommend this experiment for chemistry lessons because we can demonstrate flame-dyeing.
We can explain the conditions of burning. It can be applied in physics lessons. Hydrodynamics,
convection, density, buoyancy, rotating movements can be explained with this experiment.

5.3. VERSIONS

Double flame. We put two fuel sources into the serving disk. One of them should be filled
with acetone and the other with methanol with dissolved copper sulfate. After igniting the fuels
green and yellow flames are growing up and twisting around each other. Flame-dyeing. Before
pouring methanol into the fuel bowl, put some copper sulfate into it since the methanol dissolves
the copper sulfate well. The copper ions will dye the flame to green. Without moving device.
Instead of the cylindrical mesh a transparent, tight plastic sheet can be also used as enclosure of
the tornado. As shown in Fig.4., a tangential gap should be left on the cylindrical sheet. The
flowing gases of small density only get fresh air from this gap. The tangentially entrained gas
turns the air inside the enclosure and the flame is twisted.

Turn-way sensitive. We make a cylinder from an expanded disc. Due to the shape of the
holes, the effect of turning the disk to right and to left is not same. If it turns left, the air flows
inwards and the burning is stronger, so the flame is lengthening. Reversing the rotation, the air
flows out from the cylinder, the flame decreases to the third of its former length. 12 big
ventilators turn the air. It needs 5 liters of acetone and a heat resistant pot. This experiment can
he made only outdoors. The flame is twisting up to 4-5 m height (Fig.5.).
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‘ T \
Fig.4. Left: flame-dyeing. Fig.5. Left panel: The turn-way sensitive
Right: without moving device expanded disc. Right panel: with 12 ventilators
CONCLUSIONS

Natural sciences should be popularized in all possible places. We should go into the streets
among those people who do not come to the science center and should explain them that
science, physics is all around us and science can be exciting. All Science Centers have the task
to teach the people in informal ways. The spectacular and extraordinary experiments raise
attention; provide the possibility to give explanations in different depth and from different points
of view. The Science Centre can help the teachers: gives ideas how to make simple devices.
Moreover, it provides additional knowledge and special experiments that cannot be shown in a
school.
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ABSTRACT

Tackling problems in environmental science needs an interdisciplinary approach in which
physics, chemistry and biology are coupled to address the impact of global change on
processes in atmosphere, oceans and biosphere. Using simple conceptual models of
populations we demonstrate (i) the complexity of the dynamics which can arise due to
changes in the environment and (ii) how to analyze the problem of the formation of harmful
algal blooms in the ocean. Furthermore, we show how methods from theoretical physics can
be utilized to model ecological processes.

INTRODUCTION

School education is mostly devoted to the different science subjects like physics, chemistry
and biology taught independently of each other. However, most major problems in climate
and environmental science require the intimate interplay between different disciplines to
understand e.g. the impact of changes in the physical environment like global warming on
ecosystems. For this reason it would be most appreciated if already at the school level one
would start demonstrating with simple models how important questions in environmental
science can be tackled combining different disciplines of science. Here we will give a short
introduction into some phenomena in ecosystem dynamics, particularly in marine science. We
use methods borrowed from physics to set up the model and to analyse it. Furthermore we
show how the physical environment influences the dynamics of the biological system.

Phytoplankton are organisms living in all oceans, rivers and lakes and can be considered as
plants since they produce organic material from inorganic nutrients utilizing sunlight for
photosynthesis. Moreover, phytoplankton constitutes the base of the aquatic food web [1] and
produces more than half of the oxygen in the world [2]. Furthermore, it is an integral part of
the global carbon cycle [3] and plays, hence, a major role in climate dynamics. Changes in
phytoplankton dynamics would thus have major consequences for mankind. Due to seasonal
changes in temperature and light conditions, i.e. the physical conditions in the environment,
phytoplankton species develop large abundances called algal blooms mostly in spring and
some also in the autumn. Such blooms, in turn, trigger the growth of species at higher trophic
levels like zooplankton and fish, which feed upon phytoplankton. The phenomena, which we
would like to address here specifically, are so-called harmful algal blooms that are caused by
species, which are e.g. capable of producing harmful substances supressing the growth of
competitors and predators or even leading to their death due to the toxicity of those
substances. Besides the toxic substances can accumulate in predators and finally be
transferred to organisms on higher trophic levels like fish and humans. Therefore, harmful
algal blooms may cause large economic losses due to their threat to fish farming and the
health of people. Moreover they have a severe impact on ecosystem dynamics.
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To gain some insight into the formation of harmful algal blooms, we will firstly discuss
briefly the main steps of modelling in science with particular emphasis on models in ecology.
This methodology is based on the theory of nonlinear dynamical systems. Next, we will
demonstrate that even in rather simple population models the dynamics can be rather complex
and discuss the limits of predictability. Finally we analyse a particular model of harmful algal
blooms to illustrate how changes in the environment influence the emergence of harmful algal
blooms. Using these simple illustrations one can get school students interested in modelling
environmental problems.

MODELLING ECOLOGICAL DYNAMICS

Dynamical systems are frequently used to study various phenomena from diverse
disciplines of science such as laser physics, population ecology, socioeconomic studies, and
many others. The corresponding mathematical models are often formulated in terms of
balance equations, in which the time evolution of the state variables is determined by possibly
several gain and loss terms. In the modeling process the modeler usually decides first which
processes are important and need to be included in the model and second, which specific
mathematical function describes best those processes and reflects either empirical evidence or
some theoretical reasoning. In this way a specific model for the phenomenon under
consideration is constructed.

When constructing models in physics one begins usually from the first principles like e.g.
Newton’s laws in mechanics. However, in ecology such first principles are not available and
the modeler has to formulate mathematical functions for processes like growth, competition,
predator-prey interactions like grazing or death. In literature several such formulations are
provided which fulfill some basic biological features. To illustrate the obtained dynamics we
discuss here the formulation of growth as well as predator-prey dynamics.

In the simplest form the growth of a species X is modeled using a constant growth rate r of
an individual which is multiplied by its abundance leading to an overall growth term
dX/dt=rX. This formulation would lead to an exponential growth X(1)=X(0)exp(rt), which is
rather unrealistic since it does not take into account, that resources as a necessary input for
growth are in general limited and individuals will compete for these resources. If one also
considers this limitation, then one has to include a term for the competition, which can be
expressed as a quadratic term in the abundances of the species X. This formulation results in a
differential equation containing one gain term, the growth, and one loss term, the competition
for the constant resource K, called carrying capacity:

%er(l—E) (1)
dt K

The dynamics of this limited growth leads to a constant equilibrium in which the gain
balances the losses resulting in an abundance of the species, which equals the carrying
capacity. A growth described in this form is called logistic growth [4].

This situation changes if the model does not describe a system in which the time is
continuous, but discrete [5]. Such population models represent species, which have a yearly
breeding cycle like insects and birds and in which the number of individuals is counted each
year at approximately the same time. The corresponding dynamics can be expressed in terms
of a map in which the index i denotes the year in which the population is considered:

X,
X, =rX, (1 - K] . )
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The complexity of the dynamics in this model depends strongly on the value of the growth
rate r (cf. Fig.1, upper panel). For a small growth rate, we obtain either a fixed point, in which
the population does not change over the years or periodic behavior with different periods. For
larger growth rate we obtain chaotic behavior in which it is impossible to predict the
abundance of the population of species X in the next year. Though this model is rather simple,
it possesses for certain growth rates a very complex irregular dynamics as depicted in Fig.1.
(lower panel). This chaotic behavior limits the predictability of the system, since initially
nearby trajectories diverge exponentially.

* 0.5
%8 3 32 34
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1
X 05
0
0 50 100 150 200 250 300 350 400

time

Fig.1. Discrete dynamics of a population restricted by limited resources described by the
logistic map with carrying capacity K=1. Upper panel: Dynamics depending on the growth
rate r. Lower panel: Time evolution of the population abundance in the chaotic parameter
region, here computed at r=3.7.

As another example for modeling ecological processes, we mention predator-prey
interactions, where the growth rate of the predator depends on the abundance of a prey called
X. The formulation of the uptake or grazing rate has to fulfill certain biological empirical
evidence. The grazing rate f{X) has to be zero if no prey is available, i.e. f{0)=0. Then it
should grow with increasing prey availability, but finally saturate since the predator can eat
only a certain amount of prey regardless of the number of prey species in case they are highly
abundant. This would be well described by a function which is monotonously increasing for
small values of X but finally go to a constant for large X. As an illustration we show in Fig.2
the mostly used mathematical formulations of the grazing rates of a predator depending on the
prey [6].
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Fig.2. Different types of predator-prey interactions: Left panel: Holling type II,
the dashed line indicates the line at which the prey abundance is equal to K, and
the grazing rate equals the maximum grazing rate v, Right panel: Holling type III

Depending on the complexity of the processes taken into account, these functions can be
rather simple as described above or more complicated if e.g. the behavior of organisms like
different hunting strategies depending on prey availability is additionally taken into account.

MODELLING HARMFUL ALGAL BLOOMS (HABS)

As already mentioned in the introduction harmful algal blooms constitute a major problem
in many regions of the world’s oceans. While there is an annual bloom of non-harmful species
in spring, HABs occur either sporadically or if they appear on a regular annual basis, their
magnitude, the exact timing of their onset, their specific location and geographical extent,
their composition (i.e. which species dominates) as well as their duration and termination vary
significantly from year to year. Therefore it is necessary to understand the mechanisms
leading to triggering such harmful blooms in order to predict them. Several physical, chemical
and biological factors are believed to contribute to the specific conditions under which HABs
develop [7]. Moreover, climate change has led to a substantial increase in the number of
HABs around the globe [8]. Possible causes for this increase are increasing input of nutrients
into the oceans due to fertilizers used in agriculture and their subsequent transport into the
ocean by river run-off, the warming of the ocean, changes in hydrodynamic flows due to
climate change as well as the invasion of new species.

Several conceptual, empirical and numerical models have been developed to understand
the main trigger mechanisms of harmful algal blooms [9, 10]. The complexity of those models
depends on the number of processes and influencing physical and biological factors taken into
account. We will focus here only on one model, which is particularly simple and can therefore
be studied by high school students. Truscott and Brindley [11] formulated a model, which
considers only the interaction between the harmful phytoplankton species as a prey and
zooplankton as its predator. The mathematical functions taken into account for predator-prey
interactions allow to explain dynamics as a nonlinear “excitable system”. This model has been
used to study red tides, i.e. HABs that are caused by a particular species, which changes the
ocean color into red if they are very abundant. Excitability means here that a system which is
usually in equilibrium is capable of developing a huge response in the form of a pulse when it
is perturbed with a certain perturbation. A typical example for an excitable system is the
excitation of a neuron, when it gets some input signal. The resulting dynamics consists of a
fast growth of the so-called excitatory variable followed by a slower growth of the inhibitory
variable. When the inhibitory variable is large enough, it starts suppressing the excitatory
variable resulting in the end of the excitation and a return to the equilibrium.
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The underlying model for a harmful algal bloom consists of two differential equations for
phytoplankton P as prey and zooplankton Z as predator respectively:

2
(.
dt K . u +P 3)
L
dt u +P

The first term in the phytoplankton equation describes the logistic growth of the
phytoplankton with a rate r taking into the competition of phytoplankton cells for the limited
resource K. The second term denotes the grazing of zooplankton cells upon phytoplankton.
The grazing rate is modeled as an S-shaped Holling-type III function (cf. Fig. 2), i.e. it is very
slowly increasing when prey is scarce, but then it is increasing quadratic with prey abundance
until it saturates for large prey abundance. The time evolution of the zooplankton abundance
is also formulated in terms of a balance equation in which the gain in zooplankton abundance
is almost equal to the grazing term except for a prefactor y which measures how much of the
prey taken up is converted into predator biomass. The natural mortality of zooplankton — the
last term in the zooplankton equation — is modeled with a rate d.

To illustrate the excitable dynamics we show in Fig.3. the time evolution of the response of
phytoplankton and zooplankton after applying a perturbation in the zooplankton
concentration. Truscott and Brindley [11] found that a zooplankton concentration below some
critical level helps to bring the system into an “excited” state thereby initiating a bloom of
phytoplankton. In the terminology of excitable systems, phytoplankton is the excitatory
variable while zooplankton feeding upon it is the inhibitory variable.
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Fig.3: Time evolution of the Truscott-Brindley model, Eqs.(3), for different initial
concentrations of zooplankton Z. Only low initial concentrations of zooplankton (orange,
yellow and green curves) lead to a large response of phytoplankton P. The parameters for this
simulation are: r = 0.3 day”', K = 108 g/l, o= 0.7 day”’, p=5.7 g/l, d = 0.012 day™, y = 0.05.

Let us now discuss the impact of the physical environment on the emergence of such
harmful algal blooms. Two different important physical factors are considered in the
following: temperature and hydrodynamic flows. While temperature influences the growth
rates of plankton, hydrodynamic flows are responsible for the redistribution of nutrients and
plankton in the water.
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The growth of plankton depends crucially on the seasonal cycle. While in winter plankton
abundance is low, it starts growing in spring when temperature and light availability are
increasing. To take this factor into account, we introduce the temperature dependence of the
growth rate via a factor, which scales the growth rate » based on the Arrhenius law as

HT)=r-Qf N )

where Qo is a species-dependent constant factor. This scaling means that a change in
temperature by 10° multiplies the growth rate by the factor Q;9. The temperature T varies with
the seasonal cycle having a period of 365 days.

T(t) =T + AT cos(Qt + ) 3)

Simulating the dynamics of the plankton model yields now a periodic behavior instead of
the equilibrium we obtained before. When different initial abundances for the two species are
selected we note that two different behaviors are possible: either we find a year in which no
harmful bloom occurs or a strong harmful bloom develops (Fig. 4). This result reveals that we
have two coexisting alternative states, years with and without blooms. Based on this finding
we can explain the irregular bloom behavior observed in nature: When we consider a periodic
temperature influence, that is equal each year, both, bloom and non-bloom dynamics are
possible depending on the initial conditions. However, the temperature is only on average the
same every year. In reality, small variations in temperature occur each year, so that the
temperature on, say June 1, is not each year the same but possesses small fluctuations, which
are caused by the weather patterns, which vary from year to year. Taking these fluctuations
into account, the system is able to switch from non-bloom to bloom years and vice versa. This
irregular switching resembles the dynamics of harmful blooms in nature [12].
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Fig.4. Abundances for phytoplankton (upper panel) and zooplankton (lower panel)
for two different initial abundances: non-bloom year (blue), bloom year (magenta).
Parameters are the same as in Fig. 3, Q = 21/365 day'l, T =10° AT=6°, ® = 0.59.

Plankton blooms develop in the water column and are transported together with the
inorganic nutrients — their food — by hydrodynamic flows. It is important to note, that
hydrodynamic flows have in general very different time scales than biological processes.
While the growth of plankton is on a time scale of days to weeks, ocean flow pattern travel in
this time interval several hundreds of kilometers. To obtain an impact of flow patterns on
plankton blooms one has to look for coherent structures in the flow which have a lifetime
comparable to the biological time scales. Such structures are vortices in the flow, i.e. rotating
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flow patterns, which are present in all ocean flows and which possess different sizes and life
times. Since the average lifetime of vortices is of the order of days up to several weeks [13],
such structures can be essential for the emergence of plankton blooms. The role of vortices as
incubators of plankton blooms has been shown using different food web models in simple
kinematic flows [14] as well as in turbulent flows [15]. The rationale behind this behavior is
the fact that the water is mostly confined within the vortex due to the very low exchange with
the surrounding waters. Therefore, plankton can grow without much disturbance within the
eddy. Moreover, such coherent structures in flows may lead to a separation of different
species having different needs of nutrients. This separation opens up ecological niches for
different species to coexist and hence to a sustained biodiversity in the ocean [16].

To demonstrate this dynamics, we address now the question of coupling the biological
model to a simplified hydrodynamic model, which mimics basic properties of ocean flows.
More specifically we show the emergence of a harmful bloom in a von Karman vortex street
which develops in the wake of an island. Though the underlying velocity field in a two-
dimensional spatial region is given analytically [17, 18], the numerical procedure to obtain
these patterns is slightly more complicated and therefore omitted here. We only present the
result for a plankton model, which contains two different species, harmful and a non-harmful
one competing for the same resource. This model is a bit more complex but relies on the same
assumptions than the previous one (for details cf. [19]). The emergence of a harmful algal
bloom in a vortex is illustrated in Fig.5. showing the abundances of the harmful species
blooming mainly within the vortex. Such localized blooms can also be observed in satellite
pictures of plankton blooms around the world (cf. http://oceancolor.gsfc.nasa.gov/cms/).

Fig.5. Phytoplankton bloom in a van Karman vortex street in the wake of an island:
abundance is color-coded from blue for low abundance via green to orange for high
abundance.

CONCLUSIONS

Interdisciplinary research on environmental problems requires an intimate interplay
between different directions of science. To prepare high school students to those tasks and to
get them acquainted to this much broader view on science it would be desirable if students
would be exposed to questions, which are related to e.g. climate change. Utilization of such
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simple approaches to ecological systems as demonstrated here could be one way to start
educating students in a comprehensive view on the earth system.

ACKNOWLEDGMENTS

I would like to thank Tamas Tél and his group for their hospitality during my stay the
E6tvos Lorand University Budapest and the Hungarian Academy of Sciences for their
support.

REFERENCES

1.

2.

3.

11.

12.

13.

14.

15.

16.

17.

18.

19.

P.J. L. Williams, D. Thomas, C. S. Reynolds, Phytoplankton Productivity, lowa State
Press, lowa City, 2002

D. M. Karl, E. A. Laws, Morris P. Williams P. J., Emerson S., Metabolic balance of
the open sea, Nature, 426, 32, 2003

U. Siegenthaler, J. L. Sarmiento, Atmospheric carbon dioxide and the ocean, Nature,
356, 589, 1993

J. D. Murray, Mathematical Biology I. Introduction, Springer, Berlin, 1993

R. M. May, Simple mathematical models with very complicated dynamics, Nature,
261, 459, 1976

C. S. Holling, Some characteristics of simple types of predation and parasitism. Can.
Entomol., 91, 385, 1959

L. H. Petterson, D. Pozdnyakov: Monitoring of harmful algal blooms. Springer,
Berlin, 2013

D. M. Anderson, A. D. Cembella, G. M. Hallegraeff, Progress in understanding
harmful algal blooms: paradigm shifts and new technologies for research, monitoring,
and management. Annu. Rev. Mar. Sci., 4, 143, 2012

P.J. S. Franks, Models of harmful algal blooms, Limnol. Oceanogr., 42, 1273, 1997

.D. J. McGillicuddy, Models of harmful algal blooms: conceptual, empirical, and

numerical approaches, J. Mar. Syst. 83, 105, 2010

J. E. Truscott, J. Brindley, Ocean plankton populations as excitable media, Bull. Math.
Biol. 56, 981, 1994

J. A. Freund, S. Mieruch, B. Scholze, K. Wiltshire, U. Feudel, Bloom dynamics in a
seasonally forced phytoplankton-zooplankton model: Trigger mechanisms and timing
effects, Ecological complexity, 3, 129, 2006

D. B. Chelton, M. G. Schlax, R. M. Samelson, Global observations of nonlinear
mesoscale eddies, Prog. Oceanogr., 91, 167, 2011

M. Sandulescu, E. Hernandez-Garcia, C. Lopez, U. Feudel, Plankton blooms in
vortices: the role of biological and hydrodynamic time scales, Nonlin. Processes
Geophys. 14, 1, 2007

A. Martin, Phytoplankton patchiness: the role of lateral stirring and mixing, Prog.
Oceanogr., 57, 125, 2003

I. Scheuring, G. Karoly, Z. Toroczkai, T. Tel, A. Pentek, Competing populations in
flows with chaotic mixing. Theor. Popul. Biol. 63, 77, 2003

C. Jung, T. Tel, E. Ziemniak, Application of scattering chaos to particle transport in a
hydrodynamical flow, Chaos, 3, 555, 1993

M. Sandulescu, E. Hernandez-Garcia, C. Lopez, U. Feudel, Kinematic studies of
transport across an island wake, with application to the Canary islands, Tellus, S8A,
605, 2006

D. Bastine, U. Feudel, Inhomogeneous dominance patterns of competing
phytoplankton groups in the wake of an island, Nonlin. Processes Geophys., 17, 715,
2010

106



Modeling climate change in the laboratory

MODELING CLIMATE CHANGE IN THE LABORATORY

M. Vincze
MTA-ELTE Theoretical Physics Research Group, Budapest, Hungary,
Brandenburg University of Technology, Cottbus-Senftenberg, Germany
mvincze@general.elte.hu

ABSTRACT

In a simple tabletop-Size rotating wave tank experiment at the von Kéarman Laboratory of
ELTE, atmospheric climate change scenarios can be modeled by continuously decreasing the
temperature difference between the two sidewalls of the tank, imitating the effect of global
warming. As these boundary conditions slowly change, we can observe how the "weather" in
the tank reacts to this non-stationary forcing. Such laboratory investigations may support the
better understanding of the causal connections between global warming and the increasing
number of unusually warm or cold seasons observed coincidentally in the past 30 years at the
mid-latitudes of Earth.

INTRODUCTION

Understanding the underlying statistical properties of extreme weather conditions is
crucially important to our society. Analogously to the engineering problem of sizing a dam to
withstand extreme water levels, decision makers involved in long-term economic or political
planning must consider and, if reasonably achievable, mitigate the risks of unlikely but highly
hazardous events (e.g. to keep a certain amount of agricultural goods in reserve as preparation
for extremely warm and dry Summers, as in the 3,500 year-old Biblical story of Joseph in
Egypt). For such strategic purposes assigning odds to extreme events would be essential.

Unfortunately, quantifying such risks is far not trivial, firstly, because — by definition —
extreme events are rare, thus reliable measurements are needed over as long time as possible.
Even if this was granted, one must keep in mind that climate exhibits significant fluctuations
on every imaginable timescale, yielding a power law-type long-range correlated behavior, as
demonstrated by merging observational and paleoclimate data sets in, e.g. [1]. This feature
implies that, strictly speaking, no data record can be long enough to define a stationary base
period to which extremes can be properly compared. Yet, given the fact that only one
realization of global temperature time series exists (we have one Earth, and we have no access
to climate data from “parallel universes” with the same laws of physics but slightly different
initial conditions), finding such “quasi-stationary” periods and taking them as the “golden
standards” of climate variability is still the best thing climate scientists can do. It has some
serious drawbacks, however, as we will point out.

Fig. 1 shows the monthly global average temperature anomalies of the Earth. By definition,
anomalies are compared to the — relatively stagnant — three-decade base period of 1951-1980,
whose temporal average is subtracted from the whole time series. As it is apparent from the
graph, longer periods without any trend are more like the exceptions then the rule, as far as
the past 150 years are considered.
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Fig.1. Fluctuations of monthly global mean temperature anomaly, as compared to the average
of the 1951-1980 ‘base period’. Source: https://climexp.knmi.nl
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Widely cited studies, such as [2] have come to the conclusion that coincidentally with the
rapid global warming of the past 40 years, the so-called “climate dice”, that describes the
chance of unusually warm or cool seasons, has become more and more “loaded”, or in other
words, “the distribution of seasonal mean temperature anomalies has shifted toward higher
temperatures and the range of anomalies has increased” (compared to their base period).

On the one hand, this is definitely a very interesting and important observation from the
practical point of view; extremely hot summers can have disastrous effects on agriculture and
our society in general. So this is clearly something important to know about, and prepare for.
On the other hand, the finding, at least qualitatively, is exactly what one would expect from
the simple fact that the time series of Fig. 1 in the considered period (i.e. the past 40 years)
exhibits a marked increasing trend: if the mean is shifting upwards, previously rare high
values more and more become the norm. The real question is therefore, whether the observed
changes in the number of days in the year with “extreme temperatures” is merely a
consequence of the shifting mean, while the statistical properties of the fluctuations (i.e. the
physical nature of “weather”) remain the same throughout the process, or there is also an
inherent amplification within the dynamics of the fluctuations themselves, besides the shifting
mean. Looking back to Fig. 1 the change in the past decades seems to be so rapid that even on
the typical timescale of a larger fluctuation the trend line increases significantly: the observed
process is nowhere near quasi-stationary. So the classic approaches of decomposing the signal
to short term and long term components and identifying the former with “weather” and the
latter with “climate forcing” can be very misleading.

The schematic drawings in the three panels of Fig. 2 are excerpts from the special report of
the UN’s Intergovernmental Panel on Climate Change (IPCC), titled “Managing the risks of
extreme events and disasters to advance climate change adaptation” from 2012 [3]. Panel a)
drafts the scenario of “shifted mean” in terms of the sketched probability density functions
(PDFs) of global average temperature values. The graph corresponding to the base period is
marked by solid line and the “climate change” scenario is sketched with the dashed curve. In
this case the mean changes, but the fluctuations behave essentially the same way as in the
base period. Panel b) shows just the opposite case: even though the mean does not change at
all here (“no global warming” on the long term), yet, apparently something happens to the
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weather system, because the “tails” of the PDF become thicker (i.e. frequencies of extremely
hot or cold days in a year increase). Panel c) represents a similar scenario: the mean stays
unchanged, and so does the “left tail” of the PDF, but the probability of hot weather increases,
thus the symmetry of the distribution changes.
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Fig.2. Sketches of probability density functions of the global mean temperatures subject to
different “climate change” scenarios: a) shifting mean, b) increased variability, ¢) changed
symmetry (source: [3])

The actual climate change probably cannot be described by any of these conceptual
scenarios alone, but more likely as a combination of at least two of them. Yet, based on the
available data, where — due to our incomplete understanding the climate system — separating
the long-term deterministic components from stochastic fluctuations is practically impossible,
therefore, it is hard to tell, which of the scenarios are actually contributing.

Since neither the true temporal behavior of the driving force (i.e. the climate system’s
response to changes in Solar flux, carbon-dioxide emission, etc.) nor the statistical properties
of the fluctuations can be determined independently, the only proper way to take them apart
would be to observe many realizations (paths) of the same dynamical system, presumably
with very similar initial conditions and with exactly the same time-dependent forcing
scenarios. Then statistical analyses over such an ensemble can be carried out and thus the
separation of deterministic and stochastic terms (and the true properties of fluctuations around
the mean) could be, at least theoretically, achieved.

Obviously, since only one realization of the actual climate system exists, ensemble
statistics cannot be used there. However, there is a way to imitate climate-like dynamics in a
surprisingly simple laboratory experiment. This, being a physical experiment, can be repeated
and therefore ensemble statistics can be constructed, as will be discussed in the next sections.
It is to be noted that this approach has been successfully applied to numerical climate models
of minimal and intermediate complexity in very recent works, e.g. [4]. Surely, the outcomes
from simplified laboratory experiments will not solve the problem of separating processes and
obtaining proper extreme statistics from the actual global temperature records, yet, they may
help to drive attention to some serious methodological issues which inevitably arise when
using single-realization statistics instead of an ensemble.
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EXPERIMENTAL SETUP AND METHODS

The so-called “differentially heated rotating annulus” is a widely studied experimental
minimal model of the mid-latitude weather system. It is “minimal” in the sense that it captures
the two most important basic factors that contribute to the formations of cyclones and
anticyclones in the atmosphere: lateral temperature difference (between the polar and
equatorial regions) and rotation (around the Earth’s axis). If either of these boundary
conditions was absent, no weather-like flow patterns would emerge; so the model is “as
simple as possible but no simpler”. For more details on the history and the possible variants of
rotating annuli, we would suggest the reader to consult our recently published textbook
chapter [5].

A schematic drawing and an actual photo of our experimental tank (alongside with a
cartoon demonstrating the aforementioned analogy with the terrestrial atmosphere) is shown
in Figs.3 b), ¢) and a), respectively. The annular gap between the coaxial cylindrical sidewalls
is filled up with water to height d = 4.5 cm (Fig. 3b). The inner cylinder, with a separate
working fluid in it, serves to maintain the desired “polar” temperature. It has a radius a = 4.5
cm, whereas the outer rim (where the warming occurs) is at distance b = 12 cm from the axis
of rotation. The radial temperature difference AT yields an overturning “sideways convective”
background flow, similar to the large convection cells in the actual atmosphere. Due to the
rotation of the tank, Coriolis force also acts on the fluid parcels (that otherwise would trace
out an azimuthally symmetric, toroidal overturning cell) and drags them towards the
respective right hand side of their direction of motion (since, due to our ‘Northern-
hemisphere-chauvinism’ counterclockwise rotation is applied here; Australian laboratories
typically do it the other way, then the Coriolis force has an opposite sign). For more
information on the Coriolis force, and the way it can be taught in high schools, we refer to the
paper of Andrea Grof in the present volume [6].

Fig.3. Schematic diagram of the mid-latitude atmosphere (a), illustrating that the basic
boundary condition for it is a warm equator (red) and a polar region (blue) colder by
temperature contrast AT. (b): Sketch of the differentially heated rotating annulus with its
geometric parameters for which the boundary condition is similar to that of the real
atmosphere: warm outer rim (red), cold inner rim (blue). (c): Photo of the actual experimental
tank in the von Karman lab

Coriolis force yields the formation of cyclonic and anticyclonic eddies, which can be seen
by dye painting or via observing the water surface with a thermal (infrared) camera. A typical
“atmosphere-like” flow pattern is visible in the left hand side of the composite image of Fig.4,
alongside a satellite image of Earth as seen from poleward direction.
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Fig.4. Infrared view of the flow in the laboratory setup (left) and cloud patterns of the
Southern mid-latitudes as seen from space, looking down from the axial direction

The analogy between the atmosphere and the experimental configuration is of course far
not qualitative only. Studying the equations of motion in both systems, one can derive two
non-dimensional quantities that properly describe the possible flow regimes: these can be set
in the experiment so that they match the same dimensionless ratios of the atmosphere. One of
these parameter combination is known as thermal Rossby number Ro, and is defined as:

gdaAT
Ro=——
Q2(b-a)?’

M

where € is the angular velocity of the rotating tank, a, b, and d are the aforementioned
geometric dimensions, o is the coefficient of volumetric thermal expansion of the fluid (water
in the experiment and air in the atmosphere) and A7 is the (“Equator-to-pole”) temperature
contrast imposed on the vertical boundaries of the rotating layer.

Besides Ro the kinematic viscosity v of the medium also plays an important role in the
dynamics. Its contribution is parametrized by Taylor number 7a that accounts for the ratio of
rotational and viscous effects, and reads as

40%(b-a)s
Ta = T (2)

Ro and Ta are used together to characterize the different dynamical regimes in rotating,
thermally driven systems, such as planetary atmospheres, oceanic basins and their minimal
models in the laboratory. The parameter space with a few typical snapshots of the
corresponding experiments is sketched in Fig.5: for smaller rotation rates, where the Coriolis
force is of less importance (green shaded area) the flow stays axially symmetric. In an
intermediate “anvil-shaped” domain of moderate Ta and smaller Ro values regular three- or
four-fold symmetric wave structures emerge (orange domain), and towards higher rotation
rates (larger 7a and small Ro) the flow becomes turbulent. The letter is the domain where
Earth’s mid-latitude atmosphere also belongs, once its actual physical parameters are plugged
in the above formulae of 7a and Ro.
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Fig.5. Regimes of the Ta-Ro parameter space with the observed flow patterns (insets).
The yellow arrow shows the shift due to decreasing radial temperature contrast

The novelty of our experiments [7] carried out in the von Karman lab and at the
Brandenburg Technical University of Cottbus (Germany) is the following procedure: while
keeping the rotation rate, thus, Taylor number Ta, constant — so that a “day” i.e. a full
revolution of the tank lasted for 3 seconds — after a true “base period” of ca. 3000 revolutions
of constant AT, we started to decrease the temperature contrast parameter, by turning off the
computer-controlled cooling of the “polar” thermostat. After this change of the thermal
boundary conditions we logged the data for another 3000 revolutions of time, corresponding
to a “global warming” scenario with gradually increasing polar temperatures.

It is a well-established fact that the ongoing global warming of the Earth affects the polar
regions the most in terms of mean temperature (melting sea ice and land ice), whereas in the
local records from the equatorial regions the warming trend is not that apparent. Thus, climate
change yields gradually decreasing mean equator-to-pole temperature contrast; this is what
we imitated in the lab by lowering AT. Such a “global warming” in our experiment
corresponds to a downward motion in the parameter space of the system, marked by a yellow
arrow in Fig.5.

We repeated the very same forcing scenario 10 times with the same initial conditions, in
order to create a statistical ensemble of virtually identical experimental runs, which only
differed in the stochastic aspects of their evolution. We logged mean surface temperature
(T)(t), defined as the spatial average of temperature signals obtained simultaneously from
three digital thermometers placed on the water surface inside the annular gap of the tank.
Their sampling rate was 1 Hz, and their temperature resolution was below 0.05 K.

PRELIMINARY RESULTS

Fig. 6 shows time series obtained for four typical experimental runs. In the top panel, the
imposed temperature contrast forcing scenarios AT(f) are plotted, as obtained from the
differences of measured temperatures at the heated and cooled lateral sidewalls. One can see
that the reproduction of the experiments is very good. In each case, time # = 0 corresponds to
the time instant when the cooling thermostat was switched off. The bottom panel shows the
‘response’ of the mean surface temperature (T)(t) in each run (colored curves) and their
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ensemble average (thick black curve). As expected, the latter is much smoother than any of
the realizations: the stochastic fluctuations of the different runs average out fairly enough.
Note also, that the response ensemble average does not exhibit a sharp turning point at ¢ = 0;
the transition towards “global warming” appears to be a continuous one, even in terms of its
derivative, unlike the forcing itself.
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Fig.6. Time-dependence of temperature contrast AT(¢) in four experimental runs (top) and the
resulting records of “global warming” (T)(t) from the same experiments (bottom). The
ensemble average is marked with black curve (data from our experiments at BTU-Cottbus)

To demonstrate our main point here, let us consider one of the realizations — namely, the
red curve of Fig. 6, repeated in Fig. 7 — and treat it the same way as climate scientists analyse
actual atmospheric data. Pretending that we do not have any a priori knowledge of the
underlying forcing scenario, the best we can do to analyse fluctuations is to apply polynomial
de-trending of the temperature record. This is achieved by fitting a polynomial function to the
time series (T)(t) and subtract it from the original record afterwards. Two such polynomial
fits are shown in the top panel of Fig. 7: a sixth-degree (green) and a tenth-degree one (blue).
The ensemble average is repeatedly plotted here, too (black curve).

In the next step — as a measure of variance — we calculated the 1001-point, or 300
revolution-long (centered) moving standard deviations of (T)(t) defined as

. 2
@ _ 1 i i O]
Thoon = | ooz ZE508(T) =M. 3)

where index i is running from the 501th measured value of time series (T)(t), up to
i=N-501, N being the total number of data points in the record. mELO)Ol is the moving mean
in the same window, obtained as

® i+500 (1O
Migo1 = Li-500 507" (%)
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The moving standard deviations of the original time series (T)(t) are shown with red in the
bottom panel of Fig. 7. This can be understood as an estimated measure of “atmospheric
variability”: the larger its value, the more the time series fluctuates around the running mean.
This is no surprise that here, without detrending, the variability increases instantly from
around ¢ = 0 on due to the increasing trend.
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Fig.7. Top: A single realization of the mean surface temperature (T) (red), its polynomial fits
(green and blue) and the ensemble average (black). Bottom: standard deviations of the
original record (red), those of the detrended records (green and blue), and those obtained after
subtracting the ensemble average from the temperature record (data from our experiments at
BTU-Cottbus)

Afterwards, we carried out the same procedure with the detrended records as well: the
moving standard deviations and moving averages were calculated in the same manner as
written in formulae (3) and (4), but instead of the original (T)(t) now the detrended time
series were evaluated. The results are plotted in the bottom panel of Fig. 7: the green and blue
curves represent the moving standard deviations of the sixth and tenth-degree detrended
records, respectively. We found in both cases that the average variabilities are significantly
higher in the # > 0 range than before, although clearly, immediately after # = O these detrended
records yield smaller fluctuations than the values of the red curve. Therefore, if these were
real global temperature data and this would be the only known realization, a climate scientist
would come to the conclusion that the internal variability of the system indeed increased
coincidentally with the warming, as compared to the stationary base period (7 < 0).

However, if we use the ensemble average (shown as black curve in the bottom panel of
Fig. 6 and in the top panel of Fig. 7) for detrending, i.e. subtract its values from the original
(T)(t) and calculate the moving standard deviations of the obtained detrended time series
(black curve in the bottom panel of Fig. 7), we get a different result. Apparently, these
variabilities appear to be systematically below and more uniform than, both polynomial
residuals. In other words, fluctuations of the mean temperature around the ensemble average
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are smaller than even around the record’s own polynomial trend. The other important
observation is that unlike in the cases of polynomials, detrending with the ensemble average
does not yield significant difference between the mean fluctuations in the base period (¢ < 0)
and the “global warming” phase (¢ > 0), demonstrating that even high-degree detrending —
based on the considered realization only — can produce “artificial” changes in the variability.

SUMMARY AND CONCLUSIONS

Experiments in the von Karman Laboratory offer a unique insight into the large-scale
dynamics of flows in the atmosphere and the ocean. In the present work the behavior of
atmospheric variability in a changing climate has been studied in an experimental ‘toy model’
of mid-latitude atmosphere. Unlike in the case of real climate, in laboratory experiments it is
possible to run the same scenario several times, thus creating a statistical ensemble. A large
enough data pool enables the separation of the deterministic and stochastic aspects of
temperature variations in the system. This was demonstrated by using standard tools of time
series analysis on temperature records of several identical experiments. We concluded that if
the fluctuations of an individual realization are compared to the proper (constantly shifting)
ensemble average, no significant changes occur in their variability, as compared to a
stationary base period.

These results have a certain methodological or demonstrational value and may help to
increase awareness in the climate community of the fact that — as long as the underlying
complex processes are not properly understood a priori — fluctuations and deterministic trends
can hardly be separated, and therefore they may well yield statistical artifacts that can easily
be misinterpreted.
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APPENDIX: THE VON KARMAN LAB

The von Karman Laboratory for Environmental Flows of the Institute of Physics at the
Eo6tvos University (ELTE) of Budapest is one of the very few of its kind in Europe. Based on
the principles of hydrodynamic similarity, large-scale atmospheric and oceanic phenomena
(shallow-water waves, tsunamis, weather fronts, atmospheric convection, cyclones, tornados,
etc.) can be accurately modelled and demonstrated here in relatively simple, table-top-size
experimental setups [1].

Our laboratory was founded in 1998, when a group of enthusiastic physicists, namely V.
Horvath, 1. M. Janosi, G. K. Szabd, and T. Tél — by then already internationally recognized
experts in their own fields, ranging from chaotic dynamics to materials science — developed
an interest in the surprisingly nontrivial and modern field of geophysical fluid dynamics.
(‘Modern’ is meant in the sense that the proper theoretical framework of atmospheric
dynamics was mainly developed after the 1920s, and even later for oceanic flows. Thus, being
a contemporary of quantum mechanics, it can indeed be rightfully regarded as ‘modern
classical physics’.)

The then-newly constructed campus and the relocation of the Institute of Physics to it from
its previous historic building (where even E6tvos himself used to work around the turn of the
last century), provided a very fortunate once-in-a-lifetime opportunity to obtain two rooms
and financial support for creating such a laboratory in the new building. In the almost 18
years since then, von Kéarman lab has matured indeed, and evolved into a superb educational
and demonstrational hub, where — as a part of their standard curriculum — bachelor and master
students in physics, meteorology or environmental science regularly attend classes, participate
in laboratory practices, and some of them eventually end up doing their thesis work here.

Besides education, however, the lab, first and foremost, is a research institution. Even
during a regular laboratory practice here, students often face problems for which the solution
is simply not known yet. They help us collecting data points for active research projects and
in turn, they get a glimpse into how science works, where pretty often even the teacher or
laboratory assistant cannot predict the outcome of a given experiment either. Several research
topics that started here as bachelor’s or master’s projects later have actually evolved into
publications in peer-reviewed international scientific journals. Three PhD degrees have been
earned in our lab (one by the author) so far, and currently our regular staff consists of two
senior researchers, one post-doc, a PhD student, and a BSc student. As of today, we are
running five different environmentally motivated research projects (three of which are
collaborative efforts, involving international partners), see the collage of snapshots in Fig.8,
one of which has been discussed in the present work.

It is fair to say that the results coming from the von Karman lab are of comparable quality
to those from any environmental fluid dynamics laboratory in the world; similar research
facilities are located at the Universities of Oxford, Cambridge (UK), Aix-Marseille (France),
the Brandenburg Technical University at Cottbus (Germany), and at MIT (USA).

The laboratory is open for high school groups to visit at any previously agreed-upon time
(preferably Fridays): a typical ‘lab tour’ lasts for ca. 40 minutes and an ideal group consists of
up to 12 students. As Fig.9. shows there is practically no lower limit for the age when a lab
tour can be interesting for the children: here a group of kindergarten kids are apparently
mesmerized by a demonstration of internal waves in a stratified fluid tank. We can say it with
confidence that these experiments can be interesting for toddlers and university professors
alike.
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Fig.8. Snapshots from some of the currently active research areas in the

von Karman laboratory

Fig.9. “Visiting researchers” from a kindergarten (and the author) observe internal wave

propagation in the von Karman lab (2015)

Finally, it is appropriate to mention here that — to our great pleasure — the von Karman lab
is not any more the ‘only place in its 800-kilometer radius where large-scale environmental
flows can be demonstrated experimentally’, as we used to claim. We refer to the paper of A.
VOrés in the present volume [2], which describes somewhat similar experiments for
educational purposes at the Babes-Bolyai University of Cluj-Napoca, Romania, and their

usage to demonstrate tsunamis, weather fronts and cyclones for high school pupils.
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ABSTRACT

There is a conflict between the ways motions are described in physics and geography classes.
While non-inertial frames do not feature in official physics curricula, geography texts rely on
inertial forces in explaining motions of the atmosphere and the seas. Prompted by a survey
demonstrating that the physical principles behind geography are not understood, this paper
presents a possible treatment within the limits of high-school mathematics. Through the
classic example of a merry-go-round, inertial forces are introduced quantitatively, and the
results are applied in problems related to motions in geography.

INTRODUCTION

The choice of reference frame is a central idea in the physics class, while in geography
they just use their “natural” frame without addressing the issue of reference frame at all.
Furthermore, that frame is a non-inertial one, whereas we at most switch from one inertial
frame to another, and may even reproach our students if they dare to say “centrifugal force”.
When geography is taught in year 9, underlying physical concepts and principles are either
lacking, or recently acquired knowledge is not yet supported by sufficient experience.
Explanations given by geography texts are often superficial or even wrong, but the conflict
exists even in the case of a correct approach. With more background knowledge and expertise
in problem solving, it is worth revisiting geographic phenomena in physics lessons later on.

A SURVEY ON PHYSICS BEHIND GEOGRAPHY

A multiple choice survey with 215 students revealed a serious lack of understanding, with
no significant difference regarding whether they had completed geography before physics, or
they had studied both subjects in the same year. The survey encompassed a wide range of
concepts related to timekeeping, the shape of the Earth, motions of air and the seas, etc. Two
of the questions involving inertial forces are shown below.

One question tested the understanding of the nature of such forces: “The oblate shape of
the rotating Earth is generally explained in terms of the centrifugal force. On the other hand,
in physics problems dealing with circular motion and rotation, no centrifugal forces were
considered. What is the difference?” The correct answer of different frames was only chosen
by 17%. Distractor answers (based on classroom experience, and possible misinterpretations
of geography texts) would deserve deeper analysis but that is beyond the scope of this paper.

Another question addressed the perennial myth of the kitchen sink: “Ivan in Moscow and
Pedro in Buenos Aires each fill the kitchen sink with water and remove the stopper. The water
drains with a whirl. What will they observe?”” Only 10% gave the correct answer. The most
popular distractor (56%) was the one stating that water whirls counter-clockwise for Ivan and
clockwise for Pedro. This suggests that students learn their geography regarding cyclones, and
apply it without criticism to anything that rotates. Just like Sylvester Stallone in Escape Plan,
observing the toilet and concluding that the prison is on the southern hemisphere.
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The myth is reinforced by “demonstrations” of the Coriolis force performed to tourists at
the Equator, showing how draining water whirls one way or the other if the apparatus is
moved a few metres to the north or to the south. They all cheat since the horizontal Coriolis
force is zero at the Equator and varies as the sine of the angle of latitude. See [1] for an
amateur video to observe angular momentum created by pouring water in a sink from the
appropriate side. Tourists give credit to the presentation, although deception is quite apparent.
It is instructive to reproduce the “demonstration” in class. (Just draw a random line on the
floor and call it the Equator.)

INTRODUCING INERTIAL FORCES

The merry-go-round is a standard illustration of a rotating reference frame. However, high-
school level resources normally offer conceptual treatment only. The approach demonstrated
here is quantitative, without resorting to any vector calculus or even a vectorial product. Since
it applies a lot of the dynamics taught in the regular curriculum, it can be used as a kind of
synthesis, adding a little extra at the end of the year.

The programme features a rotating observer A whose reference frame is attached to the
centre and rotates along with the roundabout, an inertial observer B, and two further char-
acters: a lizard running along the rim, and a sparrow scared away and flying radially (Fig. 1).
Numerical values are calculated in each case, to give an idea of how various forces or
accelerations compare to each other.

Suppose the mass of A is 20 kg, the radius of the carousel is
1.5 m, and it completes a revolution in 3 s. As seen by B, the
speed of A is then v = 3.14 m/s, and she is acted on by a net
force of mw’r = 132 N. It is important for students to
understand that this is the inward push by the merry-go-round
seat, and since it is a real force exerted by a real object, the
same force must be present in A’s frame, too. Since A is in B
equilibrium in A’s frame, that raises the need for an extra
outward force of magnitude mw?r, so the centrifugal force is
introduced.

Fig.1. The four characters

Next, the motion of the lizard is considered in each frame. Assume its mass is 20 g and it
runs at a speed of u = 0.50 m/s along the rim. Again, the observers must agree on the force
exerted by the merry-go-round. That constitutes the net force for observer B (Fig. 2, top left):

v+u) 3.64°

Fra = Frey =ma=m =0.0200- =0.177N. (1)
> 1.50

r

For rotating observer A, however, the speed of circular motion is only 0.50 m/s, and the net
force is only 0.003N, so outward forces need to be added to the merry-go-round force of
0.177 N to produce a resultant of 0.003N. One such force is the centrifugal force of me®r that
is calculated to be 0.132 N, but that alone will not produce the required resultant. Yet another
outward force of —0.003+0.177—-0.132=0.042N is needed. What is the physical law behind
that? Let us examine the forces and accelerations algebraically. Expand the square in (1):

v+ u)* _ my*

2
2mvu  mu
merry t—t—

@)

r r r r

The last term of (2) represents the net force for A, a resultant of real and inertial forces:

mu~ mv: 2mvu
- Fmen'y -

r r r 3 (3)
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The first term of (3) is the inward real force of the seat, the second term is the centrifugal
force outwards, and the last term is the missing force, also outwards this time. Thus an object
moving tangentially at speed u is acted on by a force 2mvu/r = mu-2w. This is the Coriolis
force, and substitution of numerical data yields the magnitude of 0.42 N.

Figure 2 below summarizes the forces in the two frames. The direction of the Coriolis
force is the opposite when the lizard is running the other way. A special case of this situation
occurs when A observes the motion of B, who stands on the ground, a distance R from the
centre. According to A, he is moving in a circle at a tangential speed of u = —®R, that is, his
(net) acceleration is a = w”R. Since there is no real horizontal force exerted by other objects
on him, this acceleration is caused by the two kinds of inertial forces: the outward centrifugal
acceleration w2R, and an inward Coriolis acceleration of 2wU = 2a’R. So the resultant is
a=20"R— ®°R = »’R inwards.

For B y : Lab
w \ For B %
[} . ) Frnomy
i -
mesTy o
P M v=u
W YEU L
I"||:'.-\- - w o For A l
| L
Frnerry
F..
7
i . ] F.

Fig.2. Forces on an object moving tangentially.
Left panel: in the direction of rotation, Right panel: opposite to the direction of rotation

So far, we have investigated objects in tangential motion and radial forces acting on them.
The motion of the sparrow flying away from the centre is uniform and radial for B, but rather
complex from the point of view of A. Radial acceleration is zero in A’s frame, too, (like for
the motion of B in the previous example,) but the tangential speed is increasing in proportion
to the distance, so this time there is a tangential force, too. Figure 3 (right panel) shows the
constant radial speed and increasing tangential speed of the sparrow at equal intervals of Ar.

If the distance from the centre increases by Ar in a time At, then v = Ar/At. In a short time

At, acceleration can be considered uniform, angular displacement increases by wAt, which
means a distance of wAt-Ar covered in a direction perpendicular to the radius. That is,

%a(At)z =wAt-Ar .

A
a="L20=v20.
At
The same formula is found to apply to the sideways force due to radial motion as to the
sideways force due to tangential motion. Hence, it applies to every motion in a plane
perpendicular to the rotation axis. The treatment of the Coriolis force is completed.
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Fig.3. The motion of the sparrow as it appears to B (left panel) and A (right panel)

APPLICATIONS ON THE ROTATING EARTH
The selection below gives some outlined and some worked examples of quantitative
exercises related to geography. Note that the angular speed of the Earth is Q = 7.292:107s.

Exercise 1. Free fall acceleration is the resultant of gravitational acceleration towards the
centre and centrifugal acceleration away from the axis. Thus, g is found to be 9.78 ms > at the
Equator. The value of g influences sports results: for example, if an athlete can jump 8.00
metres at the poles then, assuming the same initial speed and angle, his jump is calculated to
be 4.04 m at at the Equator.

Exercise 2. Budapest lies at a latitude of N47.5°. Find the magnitude and direction of the
centrifugal acceleration and of the free fall acceleration at Budapest. Calculate with the
average radius of the Earth, R = 6370 km.

Solution. a, =Q*-Rcosp =(7.29-107°)-6.37-10° - cos47.5° = 0.023E2 ,
S

directed away from the axis of rotation. The magnitude of the vector sum (Fig. 4) with the
gravitational acceleration towards the centre is obtained by using rectangular components:

5.974-10*

a =y M _6672.101. 2210
¢ "R (6.370-10%)

-9.8232
S

¢ =+/(9.823-c0s47.5°—0.023)° +(9.823-5in47.5°)* =9.8 12 .
S

ﬂ
C'f:‘ (loc:al) verical
—Fu
o

F
L mg

Fig.4. The direction of free fall acceleration

Its direction is somewhat to the south of towards the centre. This is what “down” means;
the flattened shape of the Earth formed to make the surface perpendicular to this direction.

Exercise 3. To link with the merry-go-round example, the Coriolis force should first be
investigated at the Equator. Suppose wind is blowing at a speed of # = 20 m/s towards the
west at the Equator. The Coriolis acceleration is found to be 2Qu = 29107 ms’z, directed
vertically downwards. Note that its direction is radial, that is why the whirling water
“demonstrations” are hoaxes.
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Exercise 4. At other latitudes the Coriolis force has a horizontal component, too. Since we
consider motions in a plane perpendicular to the local vertical rather than to the axis, the
situation is more complex than the carousel case. High-school texts normally refer
qualitatively to Foucault’s pendulum as demonstration, but they do not explain the value of
the local angular speed. By a high-school level adaptation of the explanation (based on the
transport of vectors on curved surfaces) offered by some advanced texts (e.g. [2]), the use of
angular velocity vector and components may be avoided: Students know that the surface of a
cone unfolds in a plane. Consider the cone touching the globe along the ¢ = N48.8° parallel of
Paris (Figure 5). In one day, while the Earth turns through 2z, Paris (point P) only turns in the
unfolded plane by an angle of 2x-sing. Hence the local angular speed is sing times that of the
Earth:

®=Q-sinp=729-10"-5in48.8°=5.49-10" /s

which means 11.3° per hour. It would be 15° at the poles and zero at the Equator.
A
(]

fl;z.._,. T __ [ e o
.'Jpq{is \'.' = | _i ; |'|.H.'
e { P p
Fig.5. Demonstration of turning in a plane perpendicular to the local vertical

Exercise 5. (a) The mystery of the kitchen sink unravelled at last. Calculate the accelera-
tion of a bread crumb in Budapest, circling at a radius of 2 cm, at a speed of 10 cm/s. What
part of the acceleration is due to the Coriolis force? (b) Answer the same question for
Jupiter’s great red spot, a giant whirlwind at S22° latitude, angular size 25° by 12°. Wind
speed is in the order of 100 m/s. The radius of Jupiter is about 72 000 km, and it rotates fast,
completing a revolution in 9.8 hours. (Based on [3].)

2 2
Solution. (a) a=2 = 0.1
r0.02

a. =2vQsinp=2-0.1-(7.3-107)sin47.5° =1-10"m/s’ .

=0.5m/s>.

The effect is very small compared to other effects responsible for the motion, such as the
geometry of the sink or the initial angular momentum that the water happens to have.

(b) 1° on Jupiter corresponds to 2Rn/360 = 1.2:10° m, so the roughly 9° radius of the spot
means an acceleration of about 9-10™* ms™2, while the Coriolis acceleration is found to be
about 1-10* ms ™2 It is comparable to the net acceleration, so the Coriolis force does play a
role in the formation of this persisting storm.

Exercise 6. (a) A golfer in Scotland, N55° latitude, can hit the ball to 300 m at a 45° angle.
(b) An artillery missile is launched at 700 m/s. Does the deviation owing to the Coriolis force
need to be considered? (Calculate the sideways deflection owing to the Coriolis force.)

Solution. (a) Using the known formulae of projectile flight, a range of 300 m implies an
initial speed of 54 m/s, and a flight time of 8.7 s. Hence

2 2

d= ac%: (Z-Qsin(p-vocosa)% =7.3-10° -sin55° - 54c0s45°-8.7> = 17 cm.
The deflection is probably negligible compared to other disturbing effects like wind.
(b) The range is now 50 km, and the sideways deflection is about 300 m. This time, the
effect is significant, it has to be considered in aiming the missile.
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Exercise 7. What happens if a hockey puck is hit in a perfectly frictionless ice rink? Not
straight line motion! The net force on the puck is not zero in the rotating reference frame of
the Earth. If the ice is perfectly horizontal, that is, perpendicular to the local vertical, all other
forces will cancel, leaving the horizontal Coriolis force, a sideways force as resultant. That
leads to circular motion.

Exercise 8. How fast should we hit the puck in Budapest so that the circle fits in an ice
rink 30 m wide? (Based on [3].)

Solution.
2

v .
accnlripclal = 7 =2Q sme-v

v =2Qsing-r =2-73-10" -sin47.5°-15=0.61 21
S
Quite slow. For speeds in the order of a metre per second, we need r = 9.3 km in Budapest
(39 km at 10°, and 7.0 km at 80° latitude). Such large ice rinks we do not have, but nature
realizes this kind of motion. Figure7 below shows the positions of a buoy in the Baltic sea,
southeast of Stockholm at N57° latitude [4],[5].

2 25 July 00-05 UTC:
Fresh wirds camy the water
1 25 J|J|y castward with 25-30 om/s
o oouTe ?

0 o Jik it Wity ;25 July 05 UTC
w1 Yy  mw 3 ™ T, T =5 The winds subside
-3 0o uTe & ? B 8§ X 5
= ey g B BB 228 S bt the water
g -2 ' Ha BH 5 ¥ 7 continues to move
= = - o with 10-15 crmvs and
¥ -3 R Bl oot ge® is deflected to the right

iy o 27 July by the Corolis lace
ooutc
-5

X 25-29 July: The water is.camied by the sea current
-5 al the same lme as il rotales i inerta circles wit
racki of about 1,5 km and with periodes of about
13 hours, boh close fo the theorefic@ values

9 8 -7 6 5 -4 -3 2 10 1 2 3 4 5 6 7
Kilometras

Fig.7. A buoy at sea executing inertial motion [3], [4]

CONCLUSION

Quantitative treatment (algebraically as well as with numerical magnitudes) helped decide
whether inertial forces should be considered or can be ignored in a particular situation.
Application to geography-related problems supports a deeper understanding in both subjects.
As indicated by the results of a short quiz, the investigation of the same motion from different
points of view made students more conscious of different reference frames.
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CONSTRUCTION OF A LOW-BUDGET QUADROCOPTER
AND DESIGN OF A SIMPLE MEASURING MODULE
APPLICABLE FOR ATMOSPHERIC MEASUREMENTS

A. Bordas
Bolyai High School, Senta, Serbia, bordas.arpad @ gmail.com

ABSTRACT

During the past school-year a low-budget quadrocopter was constructed at the Bolyai High
School. After successful test flights the quadrocopter was equipped with a simple onboard
measuring module which contains air pressure, temperature, and humidity sensors, a GNSS
module and a data logger. Vertical profile measurements were done in rural and urban areas
with the aim of understanding land-atmosphere interactions during different stability
conditions, as well as to extend our knowledge about the climate modification effects of cities,
which is useful for urban planning strategies.

INTRODUCTION

UAVs (Unmanned Aerial Vehicles) are useful tools in a number of different engineering
and scientific disciplines. Through their use, it is possible to test and evaluate new ideas in the
fields of navigation, real-time systems, flight control, robotics, as well as environmental
monitoring and measuring. A quadrocopter is a type of UAV that is lifted and propelled by
four rotors. It uses two pairs of identical fixed pitch propellers, two clockwise and two
counter-clockwise. By the independent variation of the speed of each rotor it is possible to
control the flight of the UAV.

During the past (2014-2015) school-year the group of Bolyai High School (BHS) students
constructed a low-budget quadrocopter and developed an onboard measuring module suitable
for atmospheric measurements. The aim of this paper is to the describe characteristics of the
BHS quadrocopter and to introduce the measuring module designed by our students. Results
of the low altitude profile measurements done during the PABLS 15 (Pannonian Atmospheric
Boundary Layer Studies) campaign [1], as well as Urban-Path project [2,3] are also presented.

THE QUADROCOPTER AND THE MEASURING MODULE

Due to limited budget, our aim was to build a multicopter suitable for atmospheric
measurements that was as cheap as possible. The frame was made of an aluminium rod, the
legs were superflat. The constructed quadrocopter operates using medium-priced hardware
(ArduPilot flight controller, 30 A rotation speed controllers, 1000 kv brushless motors and
GPS compass). An old radio controller designed for model airplanes was modified; the kHz
band radio was replaced with a 2.4 GHz radio system. After tens of hours of practicing on a
simulator, the first test flights were performed on the local football field (see Fig.1.). During
the test flights we revealed that the quadrocopter can fly up to 20 minutes with
a 5000 mAh battery.
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Fig.1. Test flight, February 2015

After the successful test flights the students designed a simple measuring module. The
module includes Sparkfun’s air pressure (MPL3115A2), temperature (TMP102) and humidity
(HTU21D) sensors, MicroElektronica’s GNSS (Global Navigation Satellite System) click, as
well as a simple data logger including a micro SD card. The measuring module was housed in
a plastic box and attached to the copter’s frame. The measuring module is shown in Fig.2.

Fig.2. The measuring module housed in a plastic box -
data logger with GNSS click (left) and the set of sensors (right)
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THE PABLS 15 CAMPAIGN AND THE URBTA-PATH PROJECT

The PABLS 15 campaign [1] was organized at the Szeged Airport (Hungary) in July, 2015.
During the campaign the group of students worked with the team for the direct sounding
devices. Beside the multicopter soundings [4] the students got an insight into tethered (see
Fig.3.) and free balloon soundings. Vertical profile measurements were done with the idea to
understand land-atmosphere interactions during different stability conditions. Fig.4. shows
characteristic daytime and nighttime temperature profiles obtained using the BHS
quadrocopter close to the grassy runway.

Fig.3. Students are performing the tethered balloon measurements during
the PABLS 15 campaign (Szeged Airport, July 2015)
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Fig.4. Daytime (red — 13.30 local time, 7th July) and night time (blue — 03.57 local time,
16th July) temperature profiles. Squares indicate temperatures measured at the ground station

Climate modification effects of the cities are very significant and affect many people. The
aim of the Urban-Path project [3] was to monitor heat generated by the cities of Szeged
(Hungary) and Novi Sad (Serbia) using measurement networks. In both cities more than 20
stations were installed. The spatial resolution of the stations provided high-resolution maps of
the urban heat island [5]. Several high school students joined the Urban-Path project team.
Vertical profile measurements were performed close to the urban meteorological stations.
Differences between the day urban canyon and rural area temperature profiles are presented in
Fig.5. Contrary to the rural data, the temperature increases slightly with height in the urban
canyon.
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Fig.5. Raw temperature data obtained on July 6th in Szeged
urban canyon (15.37 local time), and at the Szeged Airport (17.27 local time)

FURTHER PLANS

The next step in the development of the BHS multicopter is the installation and testing of
the autopilot and improved safety pilot systems. The modified version of the measuring
module attached to the DJI Phantom quadrocopter will be used for profile measurements
during the Dry Andes Research Program [6].
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ABSTRACT

Some years ago we built a solar dryer during an extracurricular class. Although we had no
opportunity to analyse the drying procedure itself, with the help of students we did some
experiments and measurements associated with the device. In latter works we used an electric
dryer to physically capture the drying by eliminating the environmental effects. We made a
series of experiments that are comprehensible in high school. We measured mass reduction of
different fruits due to the loss of water over time and compared our results —which resembled
the evaporation of a fluid consisting of two constituents — with the literature. A statistical
model has been derived to demonstrate the drying.

INTRODUCTION

Some few years back in our school [Edtvos Jozsef Secondary School] extracurricular
lectures ran on environmental physics, especially focused on environmental flows and solar
energy. Related to the latter topic, former students built a solar dryer. They also monitored
how it is functioning and made measurements with it. This work — besides raising the
motivation of students — has succeeded in an educational point of view by showing it is
capable of synthesising the notion of energy and it made possible for students to put abstract
conceptions and quantities into use (e.g.: power, efficiency, luminosity).

In the last two years a new research subject adaptable in secondary schools has come into
sight connected to the solar dryer. It is plausible to study the process of drying itself instead of
the characteristics of a drying machine. The subject has an extended technical literature, but
this ought to be made comprehensible for students. In the present article we are to show a
train of thought on how the description and measurements are made comprehensible to
students. We also show the resemblance of fruit drying and the evaporation of two-constituent
compounds and introduce a toy model using dices to demonstrate evaporation.

INSTRUMENTS AND MEASUREMENTS

To describe drying quantitatively we had to work out a measurement procedure which is
reproducible. A solar dryer is not suitable for this as it does not fulfil the criteria that the
power density required for the loss of water should be constant in time. To exclude this and
other environmental effects we obtained an electric dryer.

As a subtask we can compare the two devices by their evaporating efficiency. This
quantity is defined arbitrarily and could be calculated from measurement data. A possible
definition to this efficiency could be the following:
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the ratio of the energy needed for a certain amount of
water to evaporate from a standardized pot in an hour
and the energy used during the process.

In our case, we used a Petri dish (9.5 cm diameter) as the pot and we filled it with 50 g of
water. The energy used by the electric dryer could be calculated from its power, while in the
case of the solar dryer it is to be calculated from solar radiation and the effective size of the
solar panel. Our measurements showed that the evaporating efficiency of the electric dryer is
Nelectric = 2.5% and the same for the solar one is Nsolar = 0.3%.

During our measurements with the electric dryer we registered the mass of the fruits (apple
and banana slices) in the dryer over time. For this, we used a kitchen scale due to the
dimensions of the dryer.

Measurements were also made on evaporation. In these cases - again - the mass of a
compound of two constituents was registered over time. With a sugar-water compound being
the subject of such experiment we used the above set-up due to time it requires to evaporate
(we had to speed up the process to fit a double-length class), but when we investigated the
evaporation of a paraffin-oil and pentane as a compound we used an analytic balance instead,
because the time required was much shorter than in the case of sugar-water.

ANALYSIS OF DATA

There are several mathematical models that describe the drying of sliced vegetables and
fruits. It is usual in food engineering articles covering the subject to compare these models to
their measurements and use the model that fits the data better. For an example Akpinar et al.,
2006 in [1], Akpinar, 2006 in [2] or Diamante and Munro, 1993 in [3] have gathered some of
the models to choose the best one describing their measurement data. Table 1 shows the
collection of models that are widely used.

Table 1. Mathematical models used to describe drying. This table is an excerpt from [1]

Masheeatscal models widely isad 1o describe the drying kinciacs (A kpinar, Bicor, & Ml 200 Akpnar, Bices, & Yildie, 3007, Akpinsr of al
Ho0la; Priekim and ¥aldie, 204; Cidnkan ef al , 3005 Togrul ssd Pehlivan, 30%; Yaldiz asd Prockin, 300§

Mudel no Monlel mame Manclel

1 Newling MR =expi-&r)

2 Page MR = expi - k1)

3 Micstfinl Page (1) MR = eag{ (k7]

4 Mextstiord Puge (11} MR = exp{i L]

: | Henderson and Pabs ME # g-expd - Er)

i Loganthmio MR =g gupl =kn) + ¢

7 Two-torm oiponential MR =g expl A # ] — aexpi—ka )
(] Wang and Singh MR =1 +ar & b

L] Wi ol &l MR = grpl — ki) & || — alexpli—g i)

From this we will use the Modified Page (I) model because it gave the best fits — among
the models mathematically comprehensible for an average high school student — with our
experiments. For the description we will use quantities generally used in food engineering.
These are: moisture content (on wet basis) and moisture ratio. M is used to denote the former
one, while MR the latter. These quantities depend on time and are defined as:

_m, (1)
M(t)= )’ (n
 M@O-M,
MR(t) syl )
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In the formulas above m(t) denotes the mass of the sample, my(t) the mass of water
contained in the sample while M; stands for the initial moisture content and M. for the one in
equilibrium, given the conditions (temperature and relative humidity in the dryer).

One could see that to determine the moisture ratio additional information is needed besides
the moisture content, and this is the weight of dry matter in the sample. This will be marked
with my. Equivalent to this is either the initial or the equilibrium moisture content.
Unfortunately, neither of these could be measured with standard high school equipment, so a
good guess on either of them is needed. In our case the guess is the data available in [4] to
determine M; for banana and apple — the fruits measured. Under the condition that my is
constant, we see that my(t)=m(t)-mgy. Also, we can write the constants M. and M; with the
masses:

_m, () _ m(®)—m,

) 3
©om(o)  m(0) @
- m, (0) _ m(0)—m, . @
m(0) m(0)
The equation we will use (Modified Page model) to fit our data is the following:
MR(1) = exp[—(k1)"]. &)

This could be linearized easily in the following way:

log(~ log(MR(1))) = nlog(k )+ nlog(r). ©6)

This equation easily fits our data from experiments for given time intervals. We will discuss
the results for both drying and evaporation in the upcoming sections.

DRYING PROCESS
The data from measurements with apple and banana and the result of the analysis described
above are shown on Figs.1 to 3.

In Fig.3. deviations from linear could be seen at the high time values for both fruits. We
suppose that the model we used lacks the correct description near the equilibrium. The fact
that the concrete amount of dry matter is unknown also matters, especially at the equilibrium.
Other than this, the linear fitting seems to be correct for most of the time with R? =0.997 and
the parameters are close to each other, n ~ 1.45 and k ~ 0.01.

Up to this point experiments and mathematical models were discussed, but as seen, we left
out the actual physics of drying. This is because it is usually described by diffusion and other
transport-equations. The different boundary and other conditions lead to the different
mathematical constructions. This is a rather complex and difficult topic to discuss, even on
extracurricular class, so we made a physical approximation and claimed that evaporation
could be seen as a similar physical process to drying.
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Fig.1. Mass of fruits over time: Left panel: apple. Right panel: banana
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Fig.2. Moisture ratio of the fruits over time: Left panel: apple. Right panel: banana
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Fig.3. Values calculated using eq. (6), the line fitted with its parameters:
Left panel: apple, n = 1.5106, k = 0.0160. Right panel: banana, n = 1.4110, k =0.0122

EVAPORATION

Experiments were made on the evaporation of two-constituent compounds — one of which
is volatile (e.g. water) and the other is non-volatile — to physically model the drying process.
The reason for this is that evaporation is a less complex phenomena taught on regular physics
classes. The closest estimation of fruits (e.g. banana and apple) with two components is a
sugar-water compound. In this physical model sugar represents the dry matter in fruits. The
moisture content and moisture ratio was calculated for this compound from mass measured
over time during the evaporation. The initial moisture content was 80%, which is a good
generalisation for the fruits used previously. It is to be mentioned that the experiments with
this compound were carried out with the same set-up as the one used in the case of fruit
drying (an electric dryer on top of a kitchen scale), because the evaporation in open air took
much more time than available for a double class (which is 120 minutes).

134



Observation of the drying process

We investigated another compound, consisting of organic materials, paraffin-oil and
pentane. Here, pentane was the non-volatile compound. This experiment is useful because in
general, organic materials evaporate much faster, so in this case the set-up with the dryer was
not needed to fit into the time of a class. An analytic balance and a petri dish was used instead
to proceed with the measurements. The results, - extracted by the same analysis as in the case
of drying before - can be seen in Fig.4.

'8 n'd 1
Pentans - paraffin-oll (M, = 0.44) Sugar-water compound (M, = 0.8)

¥ * 22805 - BEDE3 see

N L. 7

Fig.4. Values calculated using Eq. (6) for the description of evaporation, and the line fitted
with its parameters: Left panel: pentane — paraffin-oil, n = 0.8161, k = 0.0233. Right panel:
sugar-water, n = 2.2805, k = 0.0202

As seen in the figure, the mathematical model fits our data on evaporation well, in the case
of the pentane — paraffin-oil even better than in the case of fruits. We think it is important that
the dry matter content of the samples is known exactly this time, so this does not bring
another uncertainty in the data.

To sum up: an approximation — a physical approximation — was made that the evaporation
is similar to drying, and we described this with the same mathematical model successfully.

A TOY MODEL OF EVAPORATION WITH DICES

Investigating evaporation further, a toy model (or dice model, as it requires the use of
dices) had been derived and was used successfully as a demonstration for this phenomena. To
introduce this, we will need dices of two colours. Let us say that dices of one colour (these
will be referred to as white dices from now on) represent the volatile component of a two-
constituent compound (e.g. water), while the dices of the other (these will be referred as the
red ones) represent a non-volatile component, or going further we could say that these stand
for the dry matter in a given fruit. The ratio of the white dices to all of the dices represents a
given initial moisture content, M;. After this some dices are to be put on a table, which
represents the surface of the compound or the fruit. After this initialisation we roll the white
dices on the “surface” and if one of them is a six, we take that one out of the game — this is to
be concerned as the loss of weight over time. This game or toy model supposes a constant
surface area, so after taking dices out of the game one has to “refill” the table. This could
happen in different ways, representing different physical conditions. Examples: one could
refill from under the table with white and red dices in a way the ratio of whites and reds
(taking into account both the dices on and under the table) remains constant, or this could be
done with only white dices (see Fig.5.), this way the ratio will depend on time. After enough
turns in the game, there will be no white dices left on the surface, so it ends.

This game could be introduced in high schools very easily as it demonstrates evaporation
in a more engaging way than most books do. Also it is possible to analyse a game with the
same method as used above for drying and evaporation. To exemplify this, Fig.6. shows data
from a class where this model was introduced and tried with students.
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Fig.5. Example for the toy model introduced. It shows a possible pattern for replacing white
dices on the surfaces.

Dice - mode]
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Fig.6. An example to show that the same data analysis could be done in the toy model.

CONCLUSIONS

We have shown a possible way of introducing supplementary material on fruit drying in
high school physics (or other science) classes. This could prove a very rewarding area as it is
possible to include device development (building a solar dryer), experiments and
measurements (to explore the characteristics of a given device, or to investigate a physical
process), data analysis with given mathematical models, linearization of equations, analogous
thinking. It could also serve as an entry point for more advanced students into the topic of
diffusion, or even model building with differential equations. We have also derived a new toy
model of evaporation with dices. This proved to be a powerful demonstrational tool as it
caught the attention of students besides those who were already interested.
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ABSTRACT

I analyzed the consumption of electrical and heating energy based on the data of meters
between April 2012 and March 2015 in Arpad Secondary Grammar School in Budapest. In
my presentation I summarize the experiences which were obtained from the data. First 1
compare and explain the consumption of energy between the years and between the different
periods of the years. I determine the amount of energy per person and per student groups too,
and with a little calculation I interpret the results. After another short calculation I outline
whether is it worth for our school to change heating mode. Finally I suggest potential
solutions for reducing the consumption of energy which may lead to savings for the school.

INTRODUCTION
The Arpad Secondary Grammar School (Fig.1.), located in the northern part of Budapest,
was founded in 1902. From 2012 it has 22 classes, the number of students is about 700.

The building of the school is 75 years old, it has central heating and it is provided with
electrical energy by Budapest Electricity Works. We cannot say this building is an energy
saving one because of the bad status of the doors and windows and the outdated heating and
electrical system. There is no air-conditioning, and both the heating and electric providers are
independent from the school.

Fig.1. Arpad Secondary Grammar School in Budapest
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AIMS OF THE WORK

The aims of the investigation were to collect and to present those two types of energy data
(electrical and thermal energy) which are most important in the field of education in the
school. After analyzing them it will be shown through an example taken from everyday life
how the data can be made understandable for high school students. Based on the interpretation
some options for energy saving will be suggested, too.

DATA FOR ENERGY CONSUMPTION

All energy data — presented in GJ unit — were read in every month from the meter readings
between April 2012 and March 2015. The annual (Fig.2.) and the quarterly data charts below
(Figs. 3.-5.) show the consumption of energy.

EXPERIENCES

On the annual chart (Fig.2.) it is noticeable that in the first and in the third year the ratio of
electrical and thermal energy is about one quarter, but in the second year it is only about one
third. The reason is that the temperature of the winter in 2013-2014 was about 2.5 centigrade
higher than the hundred-year average so though the consumption of electrical energy
increased a little, but the consumption of the thermal energy decreased much more.

The other information is — as mentioned before — that the consumption of electrical energy
increased. The value was higher not only in the second but in the third year too. One possible
explanation for this was the creation of a new information technology room which operated
throughout the whole school year.

Consumption of Energy
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2779 2838

2500

2000

m Electrical energy
1500

Energy value (GJ)

m Thermal energy

1000

663
500 A

04/2012- 032013 04/2013-03/2014 042014 - 0372015

Fig.2. Annual data chart of energy consumption

The next three graphs (Figs.3.-5.) show the quarterly data charts. On all three graphs the
periodicity can be seen and from left to the right we can separate the seasons, too. Probably it
is not surprising that in the third and in the fourth quarters the thermal energy is 5-7 times
more than the electrical energy.
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Fig.3. Quarterly data chart of energy consumption — 2012-2013
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Fig.4. Quarterly data chart of energy consumption — 2013-2014

Consumption of energy

D Electrical energy
B Thermal energy

Energy value (GJ)
[ee]
o
o

116

04/2014 -  07/2014-  10/2014 -  01/2015 -
06/2014 09/2014 12/2014 03/2015

Fig.5. Quarterly data chart of energy consumption —2014-2015
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On the following diagram (Fig.6.) I show the cumulative annual energy values per capita.
It is about 5 GJ on average per person.

I also calculated the price of this energy quantity, the value of it is about 100 Euros in
Hungary in 2015.
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Fig.6. Annual energy consumption per capita
To make the data of the chart understandable for everyone I try to solve a calculation
problem which is as follows:

The human body can burn 200 kilocalories in 10 minutes on an exercise bike in the case of
a uniform load. The efficiency of the human body is 0.25 [1]. Calculate how much work can
be done by a high school student and a class of 30 students in half an hour on it!

Q =3 - 200 kcal = 600 kcal = 2520 kJ = 2.52 MJ
n=0.25
W=n-Q=0.25+2.52MJ =0.63 MJ
W =30+0.63 MJ = 18,9 MJ

The solution of the task is 0.63 MJ — assuming that the efficiency of the human body is
about 0.25 [1] — and 18.9 MJ if we consider a class with 30 students. These values become
clear if we assign such content to them which is in connection with the everyday life.

In our school the rooms are lit by fluorescent lamps, in each room the total power for
lighting is 900 W. Let’s assume that the whole work of the class produces electric energy.

W =18.9 MJ = 18900 kJ = 18900000 J
P=900 W
t=XW/P=18900000J/900 W =21000s~5.83h

In this case the energy produced by the whole class is sufficient for less than 6 hours. It
means that 30 high school students with hard training cannot produce the amount of energy
that a school needs for the lighting of a room in the daily teaching.

It is interesting to determine how much time a high school student needs to produce the
annual energy consumption. I used the data of the chart “Annual energy data consumption per
capita” (Fig.6.) and I calculate with the mentioned 5 GJ average value. I also used the result
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from the first calculation problem which showed how much work can be done by a high
school student riding on an exercise bike in half an hour. It was 0.63 MJ.

¥E =5 GJ = 5000 MJ
W =0.63 MJ
t =XE/W = 7936 half an hour unit =165 day (without interruption)

I think the solution of the problem is hard to believe, but it should be clear from this result
as well that the energy that we can produce in a mechanical way is only a fraction of the
quantity that a school needs for its operation. If we try to compare the energy produced by
mechanical work with the annual energy consumption, the difference is about two orders of
magnitude.

In the light of this striking result it is worth thinking about what the options of a high
school for energy saving can be. Even students know that switching off the unnecessary lights
will not cause significant saving so we have to look for more efficient solutions.

One possibility would be to change the heating system from central heating to gas heating.
Knowing and using the different parameters of gas heating [2],[3] which are typical for
traditional gas boilers, after a short calculation we can realize that the costs would be only
about 70% of the current costs but the implementation would require serious investment.

>Q = 2800 GJ (Fig.2.) = 2800000 MJ
n=0.85
L = 34 MJ/m’
V=2Q/ (n-L) = 2800000 MJ / (0.85-34 MJ/m® )~ 97000 m (price of it is about 32000 Euros)

The other and maybe more viable way for us would be to use alternative energy sources
[4], the most feasible of these seems to be the photovoltaic system.

This photo (Fig.7.) was taken in another secondary school — Fasori Gimnazium in
Budapest — where the system has been working since April 2015. According to the
descriptions — that the school got from the manufacturer — it can produce about 30 MWh =
108 GJ, mainly electric energy. It covers the whole energy demand of the lighting and it is
about a quarter of the total electric energy. The school won 85% of the investment costs in a
tender opportunity. This solution can be reachable in the future for our school, too [4].

—

Fig.7. Photovoltaic system in Fasori Gimnazium in Budapest
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CONCLUSIONS

In physics teaching the concept of energy is very important. Students meet both with
conventional and renewable energy sources during their physics studies. In my teaching
process I only mention the topic of this presentation and try to interpret the charts and the
results of the calculation problems first in the eighth grade. The main focus of the whole
theme of energy saving is in the tenth and eleventh grade where besides the correct
interpretation students can complete their knowledge with more calculations and
measurements which are in connection with concrete devices (e.g. solar cells).

In this presentation first I summarized and presented the thermal and electrical energy
consumption of our school in the last three years. I have tried to interpret it with an example
where a comparison was made to the human power. Although it had a surprising and thought-
provoking result, it can provide an opportunity to our high school students to recognize that
the energy saving will be vital in their future life. On the other hand as a physics teacher I
tried to adumbrate some possible solutions for energy saving in my school, too, but all my
activities were directed at the didactic task to raise students’ awareness of the importance of
the problem.

Finally anybody can ask what can be implemented from these? I think the main purpose
that students’ thinking can develop is achievable. The realization of energy saving ideas needs
not only much money but the human will, too. I have 9 more years to retirement and I would
like to see it as an active teacher. So I hope....
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ABSTRACT

A research project for secondary school students involving both physical measurements and
modelling is presented. The problem to be solved is whether and how a typical house can be
supplied with energy off-grid, based entirely on renewable energy sources, more specifically, on
solar and wind energy, while using relatively simple devices, namely, photovoltaic modules,
wind turbines and accumulators. Our students carried out a long term measurement series in
order to assess typical energy consumption of houses. Further, the number of solar modules and
wind turbines and the necessary accumulator capacity was estimated.

INTRODUCTION

Renewable energy sources are becoming increasingly important in energy supply. Their
contribution covered an estimated 19% of the global energy consumption in 2011 [1]. The
application of the renewable energy resources helps to reduce global greenhouse gas emission
and mitigate global warming [1, 2, 3]. Due to their significance and perspective, it is desirable to
give renewable energy sources an appropriate share in physics teaching. In this paper a related
research project designed for and accomplished by secondary school students is described. Our
students examined the role of the renewable energy sources and the behaviour of an off-grid
hybrid wind-solar model system using elementary concepts of physics. In this model electricity
was generated by means of photovoltaic (PV) modules and wind turbines, while the electrical
energy was stored in accumulators. A quite similar model was discussed in [4].

We can make the traditional lessons more colourful with different project tasks. The well-
planned project tasks augment students’ knowledge in the particular topic and make students
more motivated in learning that subject. According to my experience the most effective tasks
were carried out in pairs or groups with the teacher’s guidance, as well as in this project.

Our ‘Renewable energy sources: stand-alone house with hybrid wind-solar power generator’
project has been carried out in three stages. For the first stage the daily energy consumption of
an average house was investigated. Energy consumption of electric home appliances and energy
consumption of air conditioner and heating energy were monitored separately. During the
project, which lasted for 2 years (from 2012-Oct-1 to 2014-Oct-1), the students measured the
daily energy consumption of their households. The wind speed and the sunlight were also
monitored. For the second stage we developed a mathematical model for an off-grid house with
hybrid wind—solar power generator and accumulator system. For the third stage a computer
simulation program was developed, based on the mathematical model and the data collected by
students. This programme enabled the simulation of the energy system of an off-grid house. The
feasibility of the model was also analyzed; in particular the necessary accumulator capacity was
determined. The main purpose of the project was, however, educational.
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MODELLING

The model setup is depicted schematically in Fig.1. The parts of the system are the power
generating system (photovoltaic modules and wind turbines), the energy storage unit
(accumulator system); and the appliances: electric home appliances, electric heating system and
cooling system. The solar modules are mounted on the roof.

m ==
-

Fig.1. The stand-alone model house with hybrid wind—solar system and energy storage unit

Gathering data

Our 16 - 18 old year students took part in this project voluntarily. The number of students
taking part in the project was N=31. Measurements were carried out partly at home and partly in
extracurricular afternoon physics classes in team work. Students collected the data of the daily
energy consumption of their own houses: the energy consumption of the electric appliances was
monitored; the natural gas consumption was monitored by gas meter; the wood and coal burned
in furnaces were measured in weighing-machines (scales). The electrical energy consumption of
the air conditioner was monitored (estimated) separately from the electric home appliances. The
data was gathered by students then we counted the averaged values on a daily basis:

Aot N,

N Etotal,i,j
Etotal,i = aveN e Z Aj 'Nj 4 (1)

J=1

where Eioal; 1S total averaged energy consumption of the model house on ith day, A, is average
floor-space of houses, N, is the average number of inhabitants in the house, A; is floor-space of
the house of jth student, NV, is the number of inhabitants in the house of jth student, Eia,i; is total
energy consumption of the house of jth student on ith day.

In the given 2-year period the average daily electricity consumption per household was 36.08
MIJ; the lowest average daily electrical energy consumption was 27.44 MJ and the highest one
was 41.89 MJ. (Before doing the project, most of the students could not even estimate the order
of the energy consumption of their own home. During the project they learnt to collect, process
and analyze data in the long run.)

We monitored the local outside temperature as well as the inside temperature during the
project. The wind speed, the air pressure and the sunlight were monitored in every Ar=5 minutes
automatically by the local weather station, so these data were available for us.

PV modules

A photovoltaic (PV or solar) cell converts the energy of light directly into electricity by the
photovoltaic effect. A photovoltaic module is built from blocks of photovoltaic cells. The power
of a photovoltaic module is proportional to the incoming light power [4]. The total energy
production of the photovoltaic modules on ith day can be calculated as

Epholov,i = Z’/phomv ) Aphol(w - Nphotov -4t (2)

where Aphowov is the area of one PV module, 7 is the light intensity (incident solar flux in W/mz),
Tphotov 18 the efficiency of the solar module on ith day and Nypotov is the number of PV modules.
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Wind turbines

Wind turbine generates electricity from the kinetic energy of the wind. In our model small
(not commercially serialized) wind turbines are used to generate electricity. For simplicity the
turbines are assumed to be self-orientating devices. The power output of the wind turbine is
proportional to the cross sectional area swept by the rotor and to the cube of the wind velocity
[5, 6]. The total energy production of the wind turbines on ith day can be calculated as

Pai 3
Ewindt,i = Zcpo : ;lr . Amtor “Vyind * Nwindl At’ (3)
where p,;; is the density of air, Ao is the cross sectional area of rotor, vying is wind velocity, Cpo
is the power coefficient, and Nyina: is the number of wind turbines. The density of air is
Pair:p-M-R'l-Tl; where p is the pressure (monitored), T is the absolute temperature of air
(monitored), M=0.029 kg-mol’1 is the molar mass, and R is the universal (molar) gas constant.

Accumulators

The electricity demand of the model house can change significantly on a smaller timescale.
When electrical energy is generated in solar modules and/or in wind turbines, it gets stored
instantly in accumulators according to the model assumption. We discussed what size of
accumulator capacity (Eacc max) 1S Suitable for the parameters given in our off-grid system. We
must take a battery system large enough to prevent blackouts (total energy loss) in the whole
period of the project.

ENERGY INPUT AND OUTPUT AND ENERGY STORAGE
In order to determine the necessary storage capacity of batteries, we studied the energy inputs
(produced energy) and outputs (dissipated energy) of the system in detail.

Heat transmission

Temperature difference in any situation results in energy flow into the system or energy flow
from the system to its surroundings. The former leads to the heating, the latter leads to the
cooling of the system. The total energy flow of heat transmission process on ith day is

Eheattr,i = ZU : Af ) (Tuut - Tt ) At’ (4)

where Ay is the free surface area of building, U is the overall heat transmission coefficient, 7oy is
the absolute temperature of ambient air, T, is the absolute inner temperature of the building.

Thermal radiation

The accurate analysis of heat radiation of the system is a complex problem; so we try to
construct only an approximate model accounting for thermal radiation. The total energy flow of
heat radiation process on ith day:

Eniai =Yoo Ay (0, -1 ) o, 5)
where o is Stefan-Boltzmann constant (a=5.67-10'8 W-m'z-K'4), ¢ is the overall (average)
emissivity of the building.

Heating
Our building is an off-grid system and has electric heating; that is, electric current through a
resistor releases heat. The total electrical energy consumption of resistance heating on ith day:

Ehealing‘i = z Pheating - At (6)
where Pheaing 18 the electric power of resistance heater.

In the model if the required inside temperature of the building is higher than the actual inner
temperature, then we use the electric heating system. If the instantaneous outside temperature is
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higher than the required inside temperature of the building in the ‘heating season’ then it is not
necessary to use the heaters, we can warm the interior of the house by opening the windows.

Cooling

If the temperature inside the house is too high (in summer) we can use an air conditioner; it is
a device that lowers the air temperature. The cooling process is typically achieved through
refrigeration cycles. The total electrical energy consumption of air conditioner on ith day:

E(r[)oling,i = z Pair(:[)nd . At? (7)
where Piircond 1 the electric power of the air conditioner.

In the model if the required inside temperature of the building is lower than the actual inner
temperature, then we use the air conditioner. If the instantaneous outside temperature is lower
than the required inside temperature of the building in the ‘non heating season’, then it is not
necessary to use the air conditioner, we can cool the house interior by opening the windows.

Internal energy

Our building can store energy as internal energy. The internal energy of a macroscopic
system at a given temperature is proportional to its heat capacity [7]. The internal energy of
model house on ith day is assumed to be

T, +T

E :Cair 'Tin,i + Cwall - ) e > (8)

internal,i
where Cya is the heat capacity of walls, and Cy;, is the heat capacity of air inside the building.

ENERGY BALANCE
Now the energy balance of the hybrid wind-solar power generating system is considered.

Heating season

It is supposed for the sake of simplicity that in the ‘heating season’ the internal energy of the
model house on ith day (Einemari) depends on the internal energy on the previous day (Eintermal,i-1)
the net electric heating on ith day (if any), and the net energy flowing in or out of the system by
heat transfer (Ehear, ;) and heat radiation process (Er,q,) on ith day:

Eim‘emal,i = Eintemal,i—] + ”heating . Eheating,i + Eheuttr,i + Erad,i ’ (9)
where 7heaing 18 the efficiency of the electric heating device. In this model resistance heater is
applied, thus 7neaing 1S nearly 1 because an off-grid electric resistance heater converts (nearly)
the full electric energy into heat. (Some energy is needed by ventilators, if any.)

According to the household’s need, the total daily electrical energy consumption on ith day is
the energy of electric home appliances and electric heating. In the ‘heating season’ the energy
stored in accumulators at the end of ith day (E,.;) depends on the energy stored in batteries at
the end of the previous day (Ey.:1), the total electrical energy produced by PV modules
(Ephotov,) and wind turbines (Eyina.;) on ith day, and the total energy dissipated in the electric
resistance heater (Epeaing,;) and electric home appliances (Eeqpp,;) on ith day:

Eacc,i = Eacc,ifl + Ephot{)v,i + Ewindt,i - Eheating,i - Eeapp,i' (10)

Non-heating season

In the ‘non-heating season’ the internal energy of model house on ith day (Einermar;) depends
on the internal energy of the house on the previous day (Einemal,i-1), the net cooling energy on ith
day (if any), and the net energy flowing in or out the house by heat transfer (Eheayr,;) and heat
radiation process (Ey,q,) on ith day:
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Eintemalt - Ezntemal i—1 Ccooling : Ecoaling,i + Eheattr,i + Erad,i > (1 1)

where Ceooling 18 the coefficient of performance (COP) of the air conditioner.

According to the household’s need the total daily electrical energy consumption on ith day is
the energy of electric home appliances and air conditioning. In the ‘non-heating season’ the
energy stored in accumulators at the end of ith day (E,.;) depends on the energy stored in
batteries at the end of the previous day (Eucc,i-1), the total electrical energy produced by PV
modules (Ephotov,)) and wind turbines (Eyinga;) on ith day, and the total energy dissipated in air
conditioner (Ecooling,i) and electric home appliances (Ecapp,i) on ith day:

Eacc,i = Eacc,ifl +E +E - Ecooling,i - Eeapp,i . (12)

photov,i windt i

SIMULATIONS

We used spreadsheet software for the simulations. This method enables the solution of a
complex physical (mathematical) problem in a relatively simple way. In the simulations we
‘estimated’ the energy consumption of a typical house with 4 inhabitants. We tried to choose
realistic data for the simulations according to the data gathered by students. Our model house is
a hollow rectangular building, with A,,.=100 m’ ; the dimensions are a=10m, b=10m, h=3m
(height), the thickness of walls is d=0.4 m. In Fig. 2. the electrical energy produced by
photovoltaic modules and wind turbines can be seen in the 2-year period of project (from 2012-
Oct-1 to 2014-Oct-1). The power coefficient of the not commercially serialized wind turbine is
Cpo=0.25, the cross sectional area of rotor is Amwr—4 m the number of wind turbines is Nyjng=4-
The area of one PV module is Appotov=1 m?, the number of solar modules is Nphotov=100, the
efficiency of the solar module is 7photov=0.15.
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Fig.2. Electrical energy produced by PV modules and wind turbines during the whole period of
the project

In Fig.3. the electrical energy consumption of the model house (electrical home appliances,
electric heater and air conditioner) is shown in the 2-year period of the project (from 2012-Oct-1
to 2014-Oct-1). The efficiency of resistance heating device iS 7heaing=1, the coefficient of
performance of the air conditioner is Ccooling=3. The overall heat transmission coefficient of
insulated walls is U=0.18 Wem>K'; the emissivity of the building’s walls is &=0.12.
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Fig.3. Electrical energy consumption of the house (electric home appliances, electric heater and
air conditioner) during the whole period of the project
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Computer simulations with spreadsheet software were performed in order to determine the
necessary capacity of the storage unit [8]. In the simulation with the given data the necessary
capacity of the energy storage unit that must be chosen is approx. 45097 MJ in order to prevent
blackouts (in order to E,.; take values only between 0 and Eu.. max) €very day in the 2-year
period of the project. We got that the capacity of the accumulator system derived from the
simulations has a value too large for a real-world storage system. It cannot be realised in the real
world in a house.

Without electric heating

Electric heating is the biggest form of energy consumption in the model house. If the electric
heating is rejected and fossil fuel (e.g. wood) heating is applied, then the necessary capacity of
storage unit is approx. 547.5 MJ according to our simulation. In this case all electric home
appliances and even the air conditioner can be used in the model house in the whole period of
the project [8]. This storage capacity might be realised (perhaps), but it would be very
expensive.

CONCLUSIONS

Students had to consider some properties of a stand-alone house with a hybrid wind—solar
power generator and accumulator system. The parameters of the model house and the
dimensions of the hybrid wind-solar power generator system are fitted to data collected by
students. Discrete energy balance equations were given to determine the necessary capacity of
the energy storage unit. We think that this student project helps to strengthen connection
between theory and practice, improving practice within the field of physics education. We hope
that this simplified model can be profitable for interested students in grammar schools.
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ABSTRACT

The article describes the realization and teaching application of the raspberry solar cell. We
present its components and the electron transports of the raspberry solar cell. The description
uses the same four steps, the excitation, the charge separation, the diffusion and the
regeneration, as the single n-p junction solar cell, and as the light-dependent reactions of
photosynthesis. To strengthen the similarities between these solar energy converters, we
underline analogies in energy levels and bands. These analogies offer an interdisciplinary
approach in teaching applications. The real situation, the construction of the raspberry solar
cell, allows the science teacher to place the notion of energy and the solar energy conversion
into an interdisciplinary context. For this reason, we organized student activities around this
versatile tool. Here we expose the results of a test, realized by homemade solar cells,
sensitized by three organic dyes, exposed to different light sources.

RASPBERRY SOLAR CELL

A raspberry solar cell is a dye-sensitized solar cell composed of an anode, a cathode and an
electrolyte. The construction of a raspberry solar cell is an interesting project work, but it
requires special coated glass plates, laboratory materials, special equipment and preparations
for the physics teacher. See needed materials and steps to follow with more references in [1].

The anode consists of a transparent glass plate covered by a semi-conductor layer (Fluorine
doped Tin-Oxide or FTO). On this plate, we stabilized a porous, wide bandgap semiconductor
(titanium-dioxide or TiO,) layer. According to its wide bandgap, the semiconductor layers are
insensitive to visible light. To prepare a light-sensitive anode, we fixed raspberry dyes
(anthocyanin molecules) on the TiO, layer. On one hand, this combination of semiconductor
layers and raspberry dye layer allows increasing the effective surface of solar cell. On the
other hand, the difference between the conduction bands of FTO and of TiO, results electrons
on the FTO glass plate. The energy of the captured photons excites the electrons (of
anthocyanin molecules), which follow the energetically suitable way to the FTO layer.

As cathode, we used another transparent FTO coated glass plate, covered with a carbon
layer. This layer acts as a photo-reflecting layer and a catalyst of the electrolyte regeneration.
Between these two electrodes, a regenerative electrolyte (iodide/tri-iodide) solution closes the
circuit. The solar cell is ready to convert the photon’s energy [2].

The left panel of Fig.1. shows the simplified structure of a raspberry solar cell. The right
panel presents a homemade raspberry solar cell. The anode side is beige, because TiO, is
white, the raspberry juice is red, the electrolyte is brown and mixing these colours results in
beige. The carbon on the cathode side is black.
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Fig.1. Structure of a raspberry solar cell. Components of a homemade raspberry solar cell

HOW IT WORKS

Due to the internal structure, the unit is a galvanic cell, and it works in dark as well. If we
expose the anode side to light, first a ground state raspberry dye molecule absorbs a photon.
The excited dye molecule injects an electron into the TiO, grain (crystal), at the point where
the TiO, adsorbed the raspberry dye. This step is the charge separation. After that, the
electrons diffuse to the FTO from the TiO, layer. Connecting a voltmeter between the
electrodes, it measures a voltage. See the left panel of Fig.2.

If we connect the electrodes using an ammeter, it measures an electric current. The electron
travels through the outer circle, reaches the cathode, and regenerates the electrolyte and the
dye in two steps, as the right panel of Fig.2 shows [3].
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Fig.2. Photovoltaic effect ~ Electric current

One can follow the energy of an electron on the left panel of Fig.3, where we represent the
relative energy levels and bands [4]. On the abscissa, there are the components of a cell in
spatial order, starting with the place of the photon absorption (Dye). Here the excited state
level (EX) is energetically the highest level. The four main steps of an electron-cycle are
numbered on the figure. The right panel of Fig.3. represents the components as they are in
space. The most absorbed photons, absorbed by the pair TiO, — raspberry dye, are the photons
of 2.3 eV. See the main steps of an electron-cycle in Table 1 and [5].
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Anode

A

Fig.3. Raspberry solar cell: Relative energy levels and bands Actual order in space

Table 1. Main steps of an electron-cycle of the raspberry solar cell

Steps | Raspberry Solar Cell GRDve = ground state dye
(1) |GRDye+h-v — EXDye EXDye = excited state dye
_ﬁ) | EXDye — erippcp + Dye* 1" = jodide /17 = m-iodide
@ frozcs — frrocs erozce™ tlecton in the conduction band of
= = = = i,
Electrolyte: 15+ 2~ = 3/ !
@ ST et . = ad Errp ep = electron in the conduction band of
Dye: 2Dye” + 31 — 26RDye+ I, To

ANALOGIES AND SIMPLIFICATION I. - TEACHING SOLAR CELLS

In practice, most solar cells use semiconductors in the form of an n-p junction, which is
formed by joining an n-type and a p-type semiconductor. Near the junction, in the depletion
region, a photon’s absorption results in an electron-hole pair. Both the electron and the hole
can participate in conduction. After the diffusion to the n-type semiconductor, the electron
travels through the outer circle and will recombine with a hole, which travels in the opposite
direction and diffuse to the p-type semiconductor (see Fig.4.).

In a single n-p junction solar cell, an electron follows the same four main steps as in the
raspberry solar cell. In the raspberry solar cell, the excitation and the charge separation steps
are spatially divided, which simplifies the description. Here only the electron moves, because
the positive dyes (Dye+) are adsorbed on the TiO, layer. These facts result in a simplified and
localizable electron-cycle. Applying this analogy to the electron- and hole-cycle of a solar
cell, the students can understand the basis of solar cells physics. See Fig.5. and Table 2.
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Fig.4. Raspberry solar cell: electron-cycle n-p junction solar cell: electron/ hole cycle
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Table 2. Main steps of an electron-hole pair cycle of the n-p junction solar cell

Steps | n-p junction solar cell e = electron in the d.fpl.u‘[lm] .
eys+ h-v —=eg b= hole in the depletion
@ e _{E ., VB = valence band of depletion
@ | eis +AC— ez +his CB = conduction band of
@ e’ Depletion— n-typeSCep o dlzplrhun
x = alarnc Core
h*: Depletion — |}-1}11t-5':{‘3-3 - _ SC = semiconducior
@ ¢/ h* recombination: ®cs + Avs — €y + Alyg n fp = n- /p-type semiconductor

The comparison of the energy bands of the two types of solar cells shows that the raspberry
solar cell has a simplified energy band structure because of the immobility of the dyes and of
the localized steps of a cycle on the different components of the cell. On the n-p junction solar
cell, the student has to follow the energy of the electron and of the hole, and has to understand
the deformed energy structure of the depletion region, too.

Fig.5 Raspberry solar cell: relative energy bands, n-p junction solar cell: relative energy bands

TEST OF A HOMEMADE RASPBERRY SOLAR CELL

After the realization, we used the raspberry solar cell as a galvanic cell, and we measured
the voltage in dark. In use, the current supplied by the solar cells is important, and determines
the electric power taken from them. We used different light sources (bulb, neon, halogen,
LED, UV) and different dyes (raspberry-, blueberry- and mango dyes) to measure the
generated current.

Fig.6. Solar cell as current source

For a comparative analysis of raspberry- and n-p junction solar cells, we used illuminated
cells as current source in the electrical circuit of Fig.6, where we connected a variable resistor.
We measured its voltage (V) and current (I) at same time. We found a linear dependence
according to Ohm’s law of the circuit (V=V(-Rinema1), then we determined the internal
resistances (R;) and the electromotive forces (Vo) of the cells. For example, applying an UV
light-source for raspberry cell, we measured a dependence V(mV)=60- 0.17-I(1A), by which
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Ri=170 Q, Vy=60 mV. For a commercial garden lamp, composed of n-p junction solar cells,
we measured V(mV)=2471-307 I(mA), by which Ri=307 Q2, Vp=2471 mV.

We determined the maximal power output of the cells, on one hand using Ohm’s law of the
circuit (P= (Vo-Ri-1)-I), on the other hand analysing power-current functions. We defined the
quotient [Ponm-Punctionl / Ponm as the relative power error. The test of the raspberry cell using
an UV light-source, gives 7% optimal power relative errors. With the same light source, the
relative power error for solar cell garden lamp was 12%. See Fig.7 and more test results in [6].
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Fig.7. Solar cells as current source, illuminated by UV light-source
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ANALOGIES AND SIMPLIFICATION II. - TEACHING PHOTOSYNTHESIS

The raspberry cell uses the same basic principle as plant photosynthesis to generate
electricity from sunlight. Both processes require the absorption of the energy of photons. In
the cycle of light dependent reactions of the photosynthesis, the electron follows the four
main steps twice: excitation, charge separation, diffusion and regeneration.

The right panel of Fig.8 presents the absorptions of two photons of different frequencies,
and that the linear electron transport chain connects the two parts of light dependent reactions,
the photosystems I and II. Photolysis, the regeneration process in this case, with the electron
replacement results in a cyclic operation.
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Fig.8. Electron-cycles: Raspberry cell Light dependent reactions of photosynthesis

From the point of view of physics teaching, a comparative analysis of relative energy bands
and levels underline the similarities of the two processes, in spite of the electron-cycle
repeating twice. On Fig.9, we compared how different parts of a raspberry cell and of light
dependent reactions use the energies of the photons. (For more details see [4], [5] and [7].)
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Fig.9. Raspberry cell: relative energy levels LDR of photosynthesis: relative energy levels

With the relatively simple energy cycle and energy band structure the raspberry cell can
illustrate many different scientific subjects, like galvanic cells, semiconductors, n-p junction
solar cells, light-dependent reactions of photosynthesis, current sources. Placing the energy
concept into an interdisciplinary context can offer an understanding and integration of many
different pre-existing concepts. It can help in the description of all types of solar energy
converters, and in many issues of environmental sciences [8].

CONCLUSIONS

The raspberry solar cell works according to the same basic principle as other photovoltaic
and galvanic systems. Based on this fact, physics curriculum and teaching objectives can
utilize this analogy during physics teaching at several levels. We presented a short
introduction of two possible analogies. We examined the electron cycles and the energy levels
analogies, starting from the raspberry cell case and moving to the more complex
photosynthesis and semiconductor solar cell cases.

We underlined that the teacher can organize physics, chemistry and biology class activities
around the raspberry solar cell. We described here the steps to build a raspberry cell, even
though we recommend the do-it-yourself method only to upper secondary classes, in the
presence of a teacher, with prepared glass plates and electrolyte. To demonstrate its function
and discover it in action, we tested the effects of light-sources and of different dyes on the
cell. Finally, we used the cell as current source to compare to an n-p junction solar cell [1],[6].
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ABSTRACT

In this paper, I discuss how one can motivate students with the results of space research, and
make them more interested in the subject of physics. In Hungary the MaSat-1, which is the
first Hungarian satellite, presents an excellent opportunity for this. This spacecraft was
designed and made by students of the Budapest University of Technology and Economics for
educational purposes. Not only the MaSat-1, but the satellites in general provide opportunity
for motivation in many topics in our teaching of physics. I attempt to prove in my presentation
that not only in the traditional areas (for example laws of Kepler) can we refer to satellites,
but also in other topics, such as thermodynamics or electrostatics.

INTRODUCTION

The fact that students do not like physics as a subject is a problem in teaching physics all
over Europe. Although in the media we can learn about all the latest remarkable results of
research done in physics, most of which are also available for anyone online, physics classes
are not the students’ most favoured classes. In my paper I intend to show how we could
motivate students by integrating the results of space research into physics classes.

There has been a recent opportunity to make use of the results of space research in physics
education in Hungary by means of MaSat-1, the first Hungarian satellite [1], see Fig.1.

M/asat -1

Fig.1. MaSat-1 (source: http://cubesat.bme.hu/en/hirek/page/10/)
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This orbital vehicle was designed and constructed by the students of the Budapest
University of Technology and Economics for educational purposes within the confines of the
CubeSat programme of the European Space Agency (ESA). Some important data of MaSat-1:
its mass was 1 kg, with an edge of 10 cm and there was no propulsion. This small satellite
was functioning for almost three years, far exceeding its planned 3-month lifespan. Covering
MaSat-1 in physics classes in secondary schools is an outstanding opportunity to motivate
students as it is an exceptionally successful implementation of a student experiment. MaSat-1
itself as well as CubeSats in general can be used in an astonishing number of educational
topics. In the present paper I will show their application not only in the traditional areas (e.g.
Kepler’s Laws), but also in branches of physics which may first sound astounding, e.g. in
electrostatics and thermodynamics.

THE ORBIT OF MASAT-1

First of all, let us take a look at an otherwise common task, but this time using the real data
of MaSat-1. Given the furthest and closest point of the elliptic orbit of MaSat-1 from the
Earth, we can calculate its geometrical parameters, its orbital period and its lowest and highest
speed of motion:

point closest to Earth (perigee): 1pmin=300 km,
point furthest from Earth (apogee): rma=1450 km.

The geometrical parameters of the elliptical orbit are as follows (‘a’ being the semi-major
axis of the ellipse, ‘b’ its semi-minor axis, ‘c’ half of the distance of its focal points and ‘e’ its
numerical eccentricity):

=t oy P P _ 370, 30040 _ 2546 1
2 2 2
c= rmax _rmin — hmax _hmin — 14507300 — 575 (km)
2 2
= £ = ﬂ = 0’079
a 7246

b=+la* —c* =7246> 575> =7223 (km)

With the help of Kepler’s Third Law we can calculate the orbital period. Since the mass of
MaSat-1 is only 1 kg, we can simplify with it. It is fortunate if students have the opportunity
to deal with more and more tasks in which they meet the notions of commensurability or
incommensurability so that we can discuss when we can leave out a term. The gravitational

3
constant is: G = 6,67-10"" — _ the mass of the Earth is: 5,97-10%kg .

PR

kg-s
The orbital period:
a G (M +m)

T 47’

3 3
T=27 | — % x27.a |0 =6,28-7246-10°- 7246:10
G-(M +m) G-M 6,67-10""-5,97-10

=6,14-10"(5) ~102 min
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It reaches the highest and lowest speed in its perigee and apogee which can be calculated
based on the following formula:

v2:G-M-(g—lj

roa
Ve =4[6,67-107.5,97.10* - 2 107 =0.,13-10° =13000 | 2
6371+300 7246 K
2 1

Vi = \/6,67-10“ -5,97-10* [ j-10*3 =0,068-10° = 6800 [ﬂ)
S

637141450 7246

We have this formula from the energy integral and the fact that in the two-body problem
we obtain the relation a=-m/2E where ‘a’ is the semi-major axis of the ellipse, ‘m’ is the
reduced mass, and ‘E’ is the total energy [2].

MECHANICAL VIBRATIONS

When teaching vibrations, we may call the students’ attention to the fact that in reality
mechanical vibrations are not predominantly harmonic vibrations. For instance, MaSat-1 in
the rocket was mostly exposed to irregular vibrations when being launched and put into orbit.
For this reason, it was tested on a vibrating platform (see Fig.2 and Fig.3) during qualification
procedures in order to make sure that the parts would survive in the extreme conditions it was
going to face in the rocket. The test was carried out after having the parameters of the launch
vehicle called Vega set. We can say that statistical methods are used to describe random
vibration loads because there is no inherent mathematical way to describe a random vibration
time history. In Fig.2. we can see a CubeSat on the vibration platform, and in Fig.3. the
vibration platform on which the Hungarian CubeSat was tested.

Fig.2. Vibration platform (Source: [3]) Fig.3. Vibration platform (Source: [1])

MASAT-1 AND OTHER CUBESATS IN THERMODYNAMICS

When introducing thermodynamics in class, first we discuss the notion of temperature and
then we continue with the principles of thermal expansion. After doing experiments on
thermal expansion in the classroom, we can look out to space. We can make the students
calculate how much the earthbound geometrical data (edges, surface and volume at room-
temperature, i.e. 20 °C) of the CubeSat were reduced when its internal temperature fell to 5
°C. At this point we can mention that the internal temperature of the CubeSat was not allowed
to drop below 5 °C in order to protect the battery it contained and we can also tell the students
that the metal plate of MaSat-1 was made of special aircraft aluminium. With the help of this
exercise we can show our students one of the problems of spacecraft design, namely, that in
the secondary school handbooks we find the value of the thermal expansion coefficient in
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normal atmospheric pressure. We may tell them there exists a separate space technology,
where engineers take the special circumstances in space into account. It may be interesting for
the students to find out that the discovery of Teflon coating for pans as well as hook and loop
fasteners are both the results of the development of space technology.

In its simplest form, the First Law of Thermodynamics states that neither matter nor energy
can be created or destroyed. The amount of energy in the universe is constant. This law will
be better understood if we give a wider range of examples. Let us look at satellites to see how
we can prove the validity of this law. Consider a satellite in its orbit. Why does this ‘perpetual
motion’ not contradict this law? The students will probably give the right answer immediately
that the satellite does not stay in its orbit forever; sooner or later it enters the Earth’s
atmosphere due to friction, and it burns away afterwards.

See Fig.4 which shows that the apogee of MaSat-1 in its final months was continuously
getting closer to the surface. The blue line shows the decrease of apogee, and the pink one
shows the altitude of perigee. The satellite was destroyed at an altitude of about 130 km. It is
interesting to note that the orbit had gradually become circular in shape.

Masat-1 Altitude.
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Fig.4. The last months of MaSat-1 (source: http://www.haSmrc.hu/hamsat/sats.html)

The satellite’s return into the atmosphere and its annihilation, however, can be a very long
process. Therefore, there may be satellites which no longer function but might stay in orbit for
years, even decades. An interesting example of this is the ENVISAT, an Earth-monitoring
satellite of ESA, which will be a ghost in space for 150 years. This problem is a new
challenge for space research in the twenty-first century; it is necessary to deal with the
increasing number of space debris.

ELECTROSTATICS

In the topic of electrostatics we can demonstrate a Faraday Cage in real-life practice. A
Faraday Cage protected the central computer in the control room of MaSat -1 from lightning
strikes. In the picture on the left we can see this room under construction, in the picture on the
right we can see my students attending a lecture on MaSat-1 in the same room. (see Fig.5).
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Fig.5. Control Centre of MaSat-1 - Faraday Cage (Source: [4])

ELECTRICITY AND PHENOMENA IN CONDUCTIVITY

In the topic of semiconductors we mention the solar cells since they carry significance not
only on Earth but also in space. The energy from solar radiation transformed into electric
energy with the help of solar cells is a determining factor for spacecrafts. Thus solar cells
were placed on all six sides of MaSat-1 as well, for they served as its basic energy source.
Once again using the original data of the device, we can make our students do calculations.

In the case of MaSat-1 a subsidiary power supply system was also needed in the form of a
single-cell Lithium-Ion battery. One third of the cube contained the battery itself, and it took a
great proportion of its mass as well. By means of the battery the CubeSat had sufficient
energy supply even when it was orbiting the dark side of the Earth. Energy distribution was
controlled by an on-board computer. With our students we can discuss that the Lithium-Ion
battery is the most dynamically developing of all battery types. It has optimal figures
regarding its mass and the proportion of its volume to the energy supplied. It is becoming
more and more widespread in space industry; however, it is extremely sensitive to changes in
temperature.

ELECTROMAGNETIC WAVES

Due to international frequency allocations, the CubeSat was operating on two different
frequencies, i.e. on 437 and 145 MHz amateur radio frequencies. Therefore, its life could be
tracked by radio amateurs and valuable information was forwarded to the control centre on
the appointed website. We may also tell our students that three days after its launch, it was
given the OSCAR number: MO-72, indicating that MaSat-1 is the 72™ radio amateur satellite.
The first was launched in 1961 from private funds. OSCAR is a mosaic word meaning
Orbiting Satellite Carrying Amateur Radio. In the reference given one can consult the
conditions of giving out OSCAR numbers.

The antenna of MaSat-1 is also worth mentioning, it was not made of space-qualified
material, yet it functioned impeccably. The antenna is a 17-cm-long part of a metallic tape-
measure, available in all do-it-yourself stores (see Fig.5). Again we have a calculation
exercise at hand: namely if the frequency of the wireless receiver is 437 MHz then what
proportion of the wavelength is the 17 cm?

SPACE WEATHER

Space weather is an interesting new field of research which may attract our students’
attention. Let us discuss with the students that by space weather we mean phenomena taking
place in the ionosphere, magnetosphere and the interplanetary space near the Earth. The most
important effects influencing space weather are solar wind, mass transfer from the Sun and

161



Teaching Physics Innovatively

magnetic phenomena in interplanetary space. Satellite damage may occur in the cases of
intensive solar magnetic activity. In MaSat-1 each subsystem was monitored by a network of
signal relays providing overcurrent protection against incidental particle radiation [4].

CONCLUSIONS

My in-class experience reveals that including a significant number of references related to
space research makes physics classes more attractive for students. Since I started to use this
method, several students of my classes have done research in the topic of space technology
and have taken part successfully in the ‘Physics in Science and Arts Competition’, in spite of
the fact that they study to be professional musicians. It is also important to note that as the list
of references below shows, all the data referred to in this article are available online. This
means that one way to make our physics classes more engaging for our students could be
collecting this information from professional online material. At the same time we can also
teach our students how to recognize which websites are reliable. Apparently they may come
across inaccuracies this way as well, but the probability of mistakes is also there in the case of
printed sources.
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ABSTRACT

During the last decade various physical and chemical experiments were built on the
Hunveyor lander and Husar rover educational space probe models. We report about several
environmental monitoring experiments.

INTRODUCTION

The Hunveyor lander and Husar rover models were introduced to the education of
technology- and environment-related courses since the 1997-1998 academic year. In the next
years the program have been opened gradually and extended to several universities, colleges
and high schools in Hungary. Two main blocks of principles governed the program. One was
the scientific achievements in planetary geology [1] [2] [3] [4]. The other was a summary of
planetary probe construction and operation [5], and also a summary of measurements and
results of The Surveyor Investigator Teams. On the basis of the real operation of the
Surveyor, and later the Mars Pathfinder Teams we extracted an educational program by
constructing and operating the space probe models from the point of view of measurements
carried out on various planetary surfaces and later in the analog terrestrial environment field
works.

EDUCATIONAL PURPOSES OF SPACE PROBE CONSTRUCTION
The concept of Hunveyor is based on the space probe Surveyor of NASA. The Hunveyor
name comes from the Hungarian University Surveyor.

The main focus of teaching by construction is a relationship between the technological
aspects of modern electronic and information technology machines connected with
application in the science field of planetary geology. This focus means not only learning the
associated principles (measurements, technologies, instrument systems and computer
technology) but the testing of robots under real geographical conditions. In this educational
process the student’s knowledge gradually increases on physical, chemical, geological
characteristics of the surroundings. By placing the space probe models in the terrains another
objective rises: application triggers the need in students to develop measuring methods for
environmental surface processes. In this educational process measuring technologies reveal
interconnections between (interwoven) processes used both in measuring and in nature itself,
so students get acquainted with the complexity of the environment. Simultaneously, they learn
the benefits of using the complexity of a data processing system (Fig.1.). Working with the
experimental space probe is always an interesting challenge because of its complexity.
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MEASURING THE PLANETARY SURFACE AND PLANETARY ANALOG
TERRESTRIAL ENVIRONMENTS

Stratigraphic works on lunar geology selected and emphasized those principles of terrestrial
geology, which can be extended to the Solar System [3][4]. Characteristics of surface rocks
were first investigated by their optical properties and morphologies, but later, the lander space
probes showed details of the surface. Characteristics of a surface can be determined by
mechanical (Fig.2.), optical, thermal, simple chemical property measurements of:

* mechanical properties: strength, rigidity, porosity, depth of regolith, depth of surface
powder, roughness of the soil and the largest blocks scattered on the surface, [6] [7] [8] [9];

» optical properties to be studied by a television camera are: relative albedo, roughness,
crater density, smoothness, height of the highest elevation in the vicinity of the lander,
average inclination of the landscape [10] [11];

+ thermal properties are: surface rock temperatures, thermal conductivity [12] [13].

Over these examples we intended to develop simple measuring instruments for soil
properties. The planning of measurements on a specific soil property needs detailed
understanding of the physics and chemistry behind these characteristics of the soil, and that is
one crucial aspect of the space probe experiments as educational tools [14] [15] [16] [17].

Fig.1. The overview of the Hunveyor-4 system [15]
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Fig.2. Soil hardness measuring effector on the end of the Hunveyor-2 arm [16] [17]

OUR HUSAR ROVER EXPERIMENTS
The basis for the extended works with Husar rover (Hungarian University Surface
Analyser Rover) is a car model based on the Sojourner of Pathfinder.
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Experiment for pH measurements for the chemistry of the soil

First step in measuring the chemistry of the surface materials on a planetary soil is the pH.
This measurement was constructed by using two arms and a pump on the rover (both from
LEGO elements). On the first arm we placed a wireless camera, (being able to rotate around
360°-and could also bend down). The role of the second arm was to place the indicator ribbon
to the surface, move it along a distance for contact with the wet soil. The role of the pump
was to pour water on the soil surface. The basic technology was the following: (1) Husar-5
pours out water on the soil, (2) water dissolves important chemical components from the soil,
(3) the indicator ribbon touches the soil surface and reports the main chemical characteristics
of this chemistry by its color changes (Fig.3.) [18].

Fig.3. On the front of the rover there is an ultrasonic sensor of the obstacles before the rover.
(Upper arm). There is also the camera (right up) and there is the arm moving the indicator
ribbon. The ribbon is rolled from one wheel to the other wheel while the arm is contacting the
surface and soil. The camera observes the changes on the indicator ribbon colour [18]

Measurement of the gas emission liberated by optical heating

The rover uses an optical lens as a classical heating experiment and uses several gas-
sensors for measuring the chemical components liberated by the heating. This experiment
demonstrates a classical-style heating combined with a gas sensor application. This way it
measures the characteristics of the soil on the surface of a planet [19].

The steps of the measuring process: Focusing
1. Basic position: The lens is in resting position exactly a focus distance above the soil.
The holding arm is horizontal, the plane of the lens is also horizontal, parallel with the soil.

2. The light sensor measures the intensity of the light and the program decides whether it is
enough to begin the measurements.

3. As we shall see, we consider the soil surface as horizontal. The measuring place can be
selected by the “terrestrial control”. They observe the environment through the camera on the
top of the tower on the Husar-5. (We also plan an instrument for making the soil flat and
smooth in front of the rover. The ultrasonic sensor considers the larger humps as obstacles
and turns back the rover.)

4. After selecting the location of the measurement, the computer program first moves the
lens and finds the position (with the help of the light sensor) where the intensity of the light is
the highest. This is an angle 3 with the horizontal plane.

5. The other motor moves the arm up and down and sets the position of the lens plane
perpendicular to the solar light. The program takes the measured o angles into the memory.
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6. Lifting up the arm is the next step. The height H where the lens collects the sunlight
exactly at the focus of the lens reaching the soil surface: H = h cosf, where h = f cosa (see
Fig.4. and Fig.5.). From the initial position the lifting motor sets the arm to the necessary
position. After lifting the centre of the lens to the height of y = f + k sina., the arm should be
moved through a distance y — h. (Using the speed of the movement the program calculates the
time of the motion.) This way the focusing was done. By the effect of the solar rays gases are
liberated from the soil.

y =1+ ksinu
y h =fcosu
AN ‘) H = h cosp

f

Fig.4. The lens at resting position on the front arm of the Husar-5 rover (right) and the steps
in positioning the lens [19]. The height “H” and the angle “B” is not visible in this picture,
because they are outside, in the perpendicular plane.

Fig.5. Movement possibilities: One motor makes the arm move up and down along an arc
from the horizontal plane to about 40-45°. The lens can be rotated around its axis of
symmetry. If that is the basic position shown on the figure (0°-angle), then the computer
program moves it from -90° to +90° position. The whole system - consisting of two motors
and the lens - can be moved together in a perpendicular direction, too. (This is called lifting.)

Identification of a carbonate rock specimen of a planetary surface

It is known that dropping acids produces rather quick reactions with carbonate rocks. This
is the first robotic work to be realized by electronics. The CO, gas produced will be observed
by gas sensors. This is the second act to be robotized. Of the carbonates some are
paramagnetic, especially siderite (iron-carbonate). This results in a third step: magnetic
contact and attraction of siderite by the magnet. So the main steps to get a robotic realization
for finding carbonate specimens among the rocks on the field are the following: (1)
identification of a carbonate by acid test, (2) measuring the gases liberated by acid, and (3) the
magnetic test identifies the existence of an iron component (Fig.6.) [20].
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Fig.6. The Husar-5 rover with the Carbonate experiment instruments [20]

Magnetic soil dispersing experiment onto an invisible magnetic patterned carpet

We imagined a Martian environment where the wind transports dust particles and the
magnetic ones are trapped by small magnetic discs which were sewed into the carpet. In this
experiment the adhesion of magnetic dust particles made the magnetic disc pattern fixed
inside the carpet visible [21].

In preparing the experiment various composition of the sand + iron grains were mixed
previously. Such dust mixtures were poured onto the unrolled magnetic carpet placed on
Hunveyor. The magnetic discs between the two sheets caused magnetic adhesion of the
magnetic component of the dust. Adhered grains made the pattern visible by coloring the
surface of the sheet above the magnetic discs (Fig.7.). Similar experiment was carried out on
Mars Pathfinder [22, 23].

Changing parameters in the dispersing experiment

There were two changing parameters in the previous stage of the experiment planning: the
mixing ratio between iron and sand, and the slope of the carpet. In the experiments we used 4
sand+iron grain mixtures and 3 different positions of the carpet depending on the conditions
how it is rolled out and sloped out from the Hunveyor frame: 1) on smooth flat carpet, 2) a
small-angle (gentle) aslope carpet, 3) a high-angle aslope carpet (Fig.7.).

Fig.7. Experiment arrangement with various slope declinations of the magnetic carpet
(a white sheet with invisible patterned magnet squares fixed inside). Left: the carpet is at a
small angle, almost horizontal slope. Middle: dispersion and adhesion when the carpet is in

position of a more elevated gentle slope position. Right: dispersion and adhesion onto a
high-angle slope carpet [21]

Students enjoyed the experiment and gradually recognized the role of the two parameters
in determining the real mixing ratio of a real distant dust. In carrying out experiments with an
unknown (Martian) mixture, the mixing ratio was determined by interpolating the produced
pattern between the previous experimental cases.
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The students proposed the following questions:

— Almost perpendicular slope cannot show the magnetic content, only in the case of very
strong magnetic particle content. Therefore somehow we must stabilize the rolling down in a
gentle slope position.

— Magnetic particles adhere and form small clusters before they fall down from winds.

SUMMARY

Such robotic realization of basic experiments triggers enthusiasm in students for
measurements both in physics and chemistry, and also helps physics and chemistry education
to make learning the basic concepts and laws of these disciplines enjoyable.
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ABSTRACT

What can we do when our students are bored during the activities or they are not interested in
the topic? The Arduino board based on ATMEGA chipset or similar devices with a few
sensors or robotics can be the solution. I would like to present some devices based on
Arduino applications used by me during physics lessons and Science Club. The students
designed and built a space experiment with a CanSat, measuring pressure, temperature, air
pollution, the atmospheric gases and some basic data during the flight. The data are collected
and analysed by the ground station. LIFEBOT is a special rescue robot projected and built by
students. This robot finds the victims after natural disasters, even in small and inaccessible
places. It sends real images of them and basic information about their health condition.

INTRODUCTION

The students from the Science Club’s robotics group have been working with Arduino,
Raspberry PI and Redboard for 4 years. These microcontrollers are suitable for both simple
and very complex applications: from flash switches to line followers and rescue robots. The
younger students (12-14 years old) started their work with the learning phase. I explained the
basic information-details about electrical circuits, microcontrollers (without description of
internal structure, semiconductors and microchip theory), sensors, communication between
the sensors and the microcontroller, how the datasheets are used for each component to design
a new measuring or dynamic device. The students from upper secondary school learned about
the internal structure of Arduino board, communication protocol, how the sensors work and
how to develop the software for our robots.

ARDUINO AND ROBOTICS

Arduino is an open-source electronics platform based on easy-to-use hardware and
software, usable for interactive school projects. We mostly use Arduino Uno board (Fig.1.),
which is a microcontroller based on the ATmega328 processor. Arduino boards are able to
read inputs — from different sensors, messages — and turn them into an output, activating a
motor, turning on an LED, send textual information about something. A set of instructions
programmed through the Arduino Software (IDE) make the microcontroller work. The board
has a few communicating facilities with a computer, a second Arduino or microcontroller.
The software for the Arduino includes a serial monitor which helps us send data and simple
texts from the sensor to the Arduino and computer [1, 2].

We built robots not only with Arduino-based microcontrollers but also using Lego NXT
2.0 and EV3 Mindstorm kit with programmable brick. Based on the creativity and knowledge
of the students, the challenge is to create a unique but simple robot and develop the proper
control software.
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Fig.1. Arduino Uno and RedBoard

The main task is to build an autonomous robot which is able to carry out a pre-
programmed mission without any human intervention (move and collect balls, avoid
obstacles, follow a track or coloured line, move objects, etc.).

At the Science Club we built a couple of robots which participated in several contests:
WRO (World Robot Olympiad — national phase) 2013, WRO2014, robochallenge, robotics-
workshop where we won 3" place and special awards. For the WRO2013 we made a service
rover which operates on the imaginary “Commodore Island”. This robot checks for dragon
eggs and collects the good ones and leaves the bad ones on the ground. The second robot — for
the WRO2014 — was a service rover which operates on the surface of an imaginary planet.
There are 15 solar-panels, out of which only 7 work properly. This robot checks for broken
solar panels and replaces them with operating ones. The broken panels are later transported to
the storage.

We also designed self-made rovers using our own material from the physics lab. This type
of robot follows a coloured track (Fig.2.), collects soil samples for analysis and detects the
fire sources near the route [3, 4]. With these robots we organized interactive presentations and
workshops for lower secondary students. During these events we presented the working
principle of the robot, what kind of task it performs and the electrical and mechanical structure
of the device.

Fig.2. Line follower robots
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LIFEBOT - THE RESCUE ROBOT

During the previous school year our most complex robot was the life rescue robot (Fig.3.)

which was further developed from a firework-robot idea (built in 2012). This robot was
designed and built for the 24™ Youth Innovation Competition at the Science Club by student
R. Krecht, where he won 2™ place.

Fig.3. LIFEBOT- the rescue robot

Characteristic of this robot:

Helps the work of the rescue team, as it can get into hardly accessible and narrow places.

It is an autonomous vehicle but it could also be radio-controlled. On the board there are 3
independent controlling and managing systems. The first is a 6-channel 35 MHz radio
transceiver; 2 channels control the robot movements (forward and backward), 3 channels
command the robot arm (open, close and rotate) and 1 channel commands the injections.
The second unit is for sensors data, which are transmitted separately with a transmitter
434MHz unit to the microcontroller. The third system is for the IP camera, a 2.4-GHz
wireless unit.

It can be used on most types of terrain and 10 cm layer of water.
The chassis is water- and shockproof, the full cover is fire resistant.

Presents real-time parameters of the searched environment for the rescue team. The value
of pressure, temperature, air pollution, flammable gases and presences of water are
collected by the sensors and are transmitted to the microcontroller. With a proper program
these data are decoded and displayed on the PC monitor.

The flammable gases and the smoke are detected by a very sensitive sensor for butane,
propane, hydrogen, CH,4 gases and air pollution.

Measures the distance in front of it and avoids the obstacles. The distance between the
robot and the obstacles is measured with a reflective infrared distance sensor. This sensor
can measure the distance based on triangulation method. The light impulse is an infrared
wave which is reflected from the obstacles located at 3 — 40cm under a certain angle.
These angles help to determine the distance between the object and the robot.

Identifies the vibrations occurring in the chassis with a gyro sensor, and prevents the rover
from rollover.

Can track victims by transmitting live video images about the searched area with an
incorporated wireless IP camera. When the robot is turned on, the camera connects
automatically to a router belonging to the robot control unit. The router transmits real time
image about the victim to the PC where it is displayed using a C# Windows Form
application. The sensors built into the robot arm measure body temperature and pulse. If it
is necessary, it is capable of minor medical interventions: disinfects and injects medicine.

171



Teaching Physics Innovatively

METEOROLOGICAL MEASUREMENTS WITH CANSAT15

Over the past few years (since 2012) we built a couple of cansat devices. The cansat is a
semi-autonomous vehicle which is small enough to fit in a soda-can (115 mm — height and
66 mm — diameter). Our “mini-satellite” was designed and built in a way to withstand forces
like a small rocket launch, explosion and being ejected from the rocket at an approximate
height of 1km and landing. It landed within a 165-s timeframe counted from the moment of
exiting the rocket. During its descent sensors sent data (pressure, temperature and humidity
values, UV radiation intensity, solid pollution and flammable gases concentration,
acceleration) to a ground station. The ground station’s parts are a 434-MHz radio receiver
(which converts the received message), a 5-segment Yagi antenna and a laptop. Throughout
the whole experiment GPS data were sent to localize our flying device. The gathered data
were saved into a database and analysed after the mission had been completed [6].

7

Fig.4. CanSat device for the 2015 European Cansat competition with soil sensor

For last year’s CanSat competition (Fig.4.) we designed a minirover for ground
measurements. After the CanSat15’s landing the mini rover exits from it and reaches a certain
distance from the main unit. There it introduces two small needles into the soil (at a depth of
35-45 mm) serving as measurement probes. We measured the resistance between the two
electrodes and analysed the current variation. This measurement was repeated after every 1m
distance travelled. From these values we were able to determine the humidity and possible
other properties of the soil. Based on the acquired data we plotted a graph corresponding to
the studied assumptions.

To protect the device, we managed to create some outer shells. The thickest is made from
six layers of fibreglass and the heavier shell is from metal as well. This metal shell is made up
from a cylindrical piece with a spring-loaded door for the rover. We tested our parachutes at
the school yard throwing it out from the top of the buildings. The students filmed the weight’s
fall to the ground from different heights. They made several films and analysed the videos.
Knowing the heights of the buildings and captured pictures from the videos, we compared
them and calculated the falling speed of the soda-can for different types of parachutes. The
parachute tests showed us that we should use the metal shell if the ground is hard, or one of
the fibreglass shells if the ground is soft or covered with grass.
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For the CanSat device measurements we used the Arduino environment with wiring
library, based on C/C++ language. The students wrote a proper program to run all the data

collection process (Fig.5.).With this program we could activate the primary sensors and send
the gathered data to the computer [3, 5].
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Fig.5. Diagram for appropriate control and command software

The sensors we used for this device and the connected meteorological station were: gyro,
accelerometer, compass and altimeter, pressure and altitude; humidity and temperature,
magnetometer, UV index, gas; GPS and Camera.

The UV sensor measures the intensity of UVA radiation from the solar spectrum and gives
us a weighted value called UV index. Our sensor provides us with a mean value of the UV
index measured on distances of 100 m each.

For school experiments we elevated the cansat with a quadcopter to a height of 400-600m.
We established a wireless connection between the cansat, the meteorological station fixed on
the top of the gym and the central PC located in the phyics lab. The cansat and mini meteo
station (Fig.6.) sent humidity, pressure, temperature, solid pollution, UV index data from
different altitudes, during several days. We compared these data, plotted graphs with them
(pressure and temperature measured by the two devices at same time but different location)
and analyzed the evolution of air parameters. These measurements helped the students
understand the thermodinamic processes and atmosphere physics easier.
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Fig.6. Meteorological station with Redboard and Arduino Mini pro
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CONCLUSIONS

This creative process performed with my students helps them deepen their understanding
of the internal connection between the theory taught at physics and IT classes and those
practical, technical applications. The students enjoy these classes because they participate
actively and innovatively in every phase of the activities. The brainstorming is the
introductive moment of every class. They present their ideas on how they will solve the
specific task: how they will move the device, what they will measure, what sort of elements
we need, power supply problems, how we could command the device to perform the tasks,
etc. After a detailed analysis of the proposals we summarise the theory necessary to solve the
problem. This is a very good opportunity for them to review and complete with new data what
they have learnt in class.

These activities are successful because we learn about:

e Teamwork — for every work phase they are divided into groups of 2-3 students with
well-defined tasks. For the manual work (soldering, drawing circuit diagram, drilling,
moulding, etc.) the group leaders are the students who are modelling airplanes or
boats.

e Project management — how to carry out a scientific project from planning through
design and to final product, results. For each project we prepare a complete
documentation: design and building plan, scientific mission and objective description,
task list with time schedule, software design and development, testing plan,
mechanical and electrical structure design, group organisation, resource estimation,
budget, etc.

e Problem solving skills, presentation (ppt, prezi) and workshop for younger students.
The students prepare presentations and group activities to present their results and to
awaken the younger students’ interest and curiosity toward robot construction and
technical tasks.

e A lot of physics: mechanics, atmospheric physics, electronics, electricity;

e Computer science, IT; programming (Arduino software, C++, icon-based software,
object oriented programming C#, data analysis with data base)

e Robot planning and building, from the simple object lifting devices to complex
machines which could make decisions using sensors’ data based on a proper program.
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ABSTRACT

High school students are very interested in astronomy, especially, in modern astronomical
discoveries. The most exciting recent discoveries refer to exoplanets. Among the
approximately 2000 known exoplanets there are several dozens which orbit in the habitable
zone of their host stars. There are some Earth-like exoplanets, too. Finding a true Earth-like
exoplanet, which hosts life, is one of the main goals of searching for exoplanets. We have to
illustrate to our students the differences and similarities between our and other planetary
systems. Let’'s explore with our pupils the wonderful new world of exoplanets.

ARE WE ALONE IN THE UNIVERSE?

For thousands of years people have wondered if there are other worlds like ours and other
living beings, especially intelligent forms of life in the universe. The study of the scientific
questions associated with the search for life in the universe gets more and more attention each
year. Since Copernicus, we know that the Earth is not in the centre of the Solar System, nor is
the Solar System in the centre of the Milky Way galaxy, and even our galaxy is not in the
centre of the Universe.

Today, life is only known on the Earth, but there are many other planets outside the Solar
System that can host life, suggesting we are not alone. Life is so common on the Earth that it
can be found in any harsh environments. The question is how prevalent life is in the Solar
System, in the Milky Way, and in the Universe.

There are many questions awaiting answers. What is our place in the universe? How did
we get there? Are we alone? Where are the other beings? (Enrico Fermi) Shall we find
intelligent life? (SETI) What is life? Is there life beyond Earth and how could we detect it?
How did life evolve on the Earth? What makes a world habitable? Could we live elsewhere in
the universe? What fractions of stars host planets? Are Earth-sized planets, in the habitable
zone of stars, common or rare in our galaxy? Are there Earth-like planets around our
neighbouring stars? And we could continue the list. Some decades ago we did not have any
answers for these questions, but now we are able to answer some of them.

Are we alone in the universe? The answer is almost certainly "no" according to Ellen
Stofan, chief scientist for the National Aeronautics and Space Administration (NASA).
"I believe we are going to have strong indications of life beyond Earth in the next decade and
definitive evidence in the next 10 to 20 years”, “We know where to look, we know how to
look, and in most cases we have the technology" she said at a NASA panel discussion [1].

In this paper we deal with habitable planets, especially the Earth-like planets that could
harbour life.
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SEARCHING FOR EARTH-LIKE PLANETS IN THE SOLAR SYSTEM

The Solar System consists of the Sun, the planets, dwarf planets, moons, asteroids, and
comets. There are eight planets in the Solar System, each very different and peculiar in its
own way. We know that at least one harbours life, the Earth. Although men have only been on
the Earth and the Moon, we have detailed pictures of most of the planets, their moons and of
some asteroids and comets. These have been taken and sent to us by spacecrafts, rovers and
space telescopes.

Our two neighbouring planets, the Venus and the Mars are the most similar to the Earth in
the Solar System (see Fig.1.). Although Venus is hardly different in size from our planet and
formerly people imagined a rich wildlife on it, due to its hellish surface circumstances our
interest is focused on Mars. While the Venus’s surface is obscured by thick clouds, Mars has
a thin atmosphere.

Fig.1. Comparison of Earth and Mars, NASA

Scientists have been curious for centuries whether life exists on Mars, yet we do not know
if Mars has ever hosted life. In 1877 the Italian astronomer Giovanni Sciaparelli observed
Mars ‘channels’ through his telescope. The American astronomer Percival Lowell thought
that there was intelligent life on Mars, capable of constructing large canals which he saw as
lines in his telescope. The public mind has spread this perception. Scientists expect that if we
discover life on Mars, it will most likely be simple bacterial life and not humanoid aliens like
most of the Martians one has seen in the movies. Many missions have orbited and landed on
the surface of Mars, but so far no evidence of life has been discovered. Mars is a right target
for searching life beyond the Earth, because it is easily reachable and could have been
habitable in the past [2].

Though we might find life on other celestial bodies (for example on some moons) in the
Solar System, we do not discuss them in this paper.

SEARCHING FOR EARTH-LIKE PLANETS BEYOND THE SOLAR SYSTEM

To search for life beyond our Solar System, one of the first steps is to find an exoplanet
that might support life. An extrasolar planet, or exoplanet, is a planet that orbits a star
different from the Sun. As astronomers discovered that the stars in the sky are other suns, and
the galaxies consist of hundreds of billions of stars, they suggested that planets must orbit
around them. However, there was not any proof until the early 1990s. Exoplanets are difficult
to observe, because most of them are too small, too far away and too faint to be detected
directly.

How are the discoveries made?

Astronomers have developed several methods for finding exoplanets. They use telescopes
armed with photometers (a device that measures light), spectrographs and infrared cameras.
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One way how astronomers look for exoplanets is the radial velocity method. If a star has
a planet (or planets) around it, the planet and the star orbit their common centre of mass.
Because the star is much more massive than its planets, the centre of mass is usually within
the star and the star appears to wobble slightly as its planets revolve around it. These wobbles
can be detected with a spectrograph. If a star is moving towards us, its light and all the dark
(absorption) lines in the spectrum will appear blueshifted, while if it is moving away, the light
will be redshifted (Doppler-effect). A big, Jupiter-like exoplanet might cause a star to wobble
by several meters per second. But a small, Earth-like exoplanet might only wobble its star by
ten centimetres per second. The first exoplanet discoveries were ‘hot-Jupiters’ (that are much
larger than Jupiter and orbit very close to their stars) because it was easier to detect them than
the smaller ones or others that orbit farther from their stars. We can determine the (minimum)
mass of an exoplanet, as well as its orbital period and distance by using the radial velocity
method [3].

Another effective exoplanet searching method is the transit technique. If an exoplanet’s
orbit crosses the line of sight between its parent star and Earth, it will block some of the light
and cause the star to dim. Extremely sensitive instruments can measure the tiny drop in the
star's brightness. By measuring its depth and knowing the size (radius) of the star, we can
determine the size (radius) of the exoplanet. By measuring the elapsed time between
consecutive transits we learn the orbital period of the exoplanet. Using Kepler’s Third Law of
Motion, we can calculate the average distance of the exoplanet from its star [3]. Although
only a small fraction of exoplanets produce occultation, still it is the most successful
exoplanet detecting method. CoRoT and Kepler are two space telescopes whose goals were to
search for exoplanets by using the transit method. CoRoT discovered the first small rocky
exoplanet (CoRoT-7b) [4]. Kepler detected the first Earth-sized exoplanet, which was in the
‘habitable zone’ of its star (Kepler186f) [5].

As I have mentioned before, the exoplanets are faint because they do not emit own light. It
is very difficult to search for an exoplanet near its star in a photo. One way to see a dim planet
near a bright star is to blot out the star using a device called coronagraph. The direct imaging
method uses infrared lights to observe exoplanets because in these wavelengths the host star
not as bright as its exoplanet compared to visual wavelengths. This method works for planets
that are very far from their stars [3].

There are other exoplanet searching methods as well, for example astrometry, the
gravitational microlensing method and pulsar timing [3].

The discovery and characterization of exoplanets (see Fig.2.) is one of the most exciting
and fast-changing areas in modern astronomical research. Today we know that exoplanets are
common around different types of stars. It is possible that every single star we can see at night
has at least one planet. That would mean that there are at least a hundred billion exoplanets
just in our galaxy. According to recent discoveries, it is possible that most stars have planets
in their habitable zones, among them there are some Earth-like planets, too [6].

Astronomers are discovering new extrasolar planets incessantly. But the goal is to find
habitable, Earth-like exoplanets, that are rocky, roughly have the same size as our planet, orbit
a star similar to our own, and have a right surface temperature for liquid water.
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Fig.2. ‘Periodic Table of Exoplanets’ (The Earth is a warm planet.), PHL@UPR Arecibo

HABITABLE ZONE

The habitable zone or Goldilocks zone is the region around a star where the temperature is
just right to have liquid water on the surface of a planet (see Fig.3.). If a planet is too close to
its parent star, it will be too hot and the water would evaporate. If a planet is too far from a
star, it is too cold and the water is frozen. Stars that are smaller, cooler and have a lower mass
than the Sun (for example M-dwarfs) have their habitable zone much closer to the star than
the Sun. Stars that are larger, hotter and more massive than the Sun have their habitable zone
much farther out from the star. The habitable zone is not the only place in the planetary
system that supports life, it is possible that an exomoon being outside the habitable zone gets
enough energy from the tidal heating to be habitable. Tides are due to differences in the
strength of gravitational force acting on an exomoon orbiting its host exoplanet. When an
exomoon is moving around an exoplanet, the tidal attraction of the exoplanet distorts the
shape of its satellite. The created bulges migrate around on the exomoon. Tidal dissipation
can result in internal heating that could be enough for example to maintain liquid water
beneath an icy surface.

The Kepler-452b and its star is the most similar to the Earth-Sun system found yet. Before
its discovery, the Kepler-186f, Kepler-62f, and Kepler-22b were the “most similar”
exoplanets to the Earth. Kepler-186f is 17 percent larger (in its radius) than the Earth, and
makes a revolution around its star every 130 days in the habitable zone. The host star is a red-
dwarf star that is much cooler than our Sun and only half of its size, so Kepler-186f gets about
one-third of the energy from its star that Earth gets from the Sun. Kepler-62f is a “super
Earth” about 40 percent larger than our home planet. Its star is cooler and smaller than the
Sun, and Kepler-62f orbits in its habitable zone. Kepler-22b was the first of the Kepler planets
found within the habitable zone, and its star is very similar to our Sun. Kepler-22b is about
2.4 times of the Earth’s size [7].
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Fig.3. Artistic representation of the habitable exoplanets. Earth, Mars, Jupiter, and Neptune
are shown for scale on the right. Source: http://phl.upr.edu

Not all the Earth-like exoplanets were discovered by the Kepler Space Telescope. For
example Gliese 667Cc was detected by the European Southern Observatory’s 3.6-meter
telescope in Chile. The planet’s mass is at least 4.5 times that of the Earth’s mass. It orbits
around a red dwarf in the habitable zone with a 28-day period. Gliese 667Cc receives around
90 percent of the flux we get from the Sun. This planetary system is 22 lightyears from the
Solar System. There are five more exoplanets in this planetary system, among them two in the
habitable zone [8].

Kepler-452b the most Earth-like exoplanet we know, circles a sunlike star at about the
same distance as Earth orbits the Sun. This exoplanet is about 60 percent larger than our home
planet, therefore it is not a true "Earth twin", rather an “Earth cousin”. Kepler-452b’s orbital
period is 385 days, just 20 days longer than our own year. Its star is just 4 % larger, 1.5 billion
years older and 20% brighter than the Sun. Kepler-452b is the first known possibly rocky
habitable exoplanet orbiting around a Sunlike star [7].

Scientists have found a Jupiter’s twin. They used the ESO 3.6-metre telescope to identify
an exoplanet (HIP 11915b) orbiting at the same distance from a Sun-like star, HIP 11915, as
the Jupiter orbits the Sun. The host star has the same age as the Sun and there may be rocky
planets in this planetary system, too [8].

The search for Earth’s twins is speeding up. In the years ahead even more improved
methods will allow us to detect many exoplanets like Earth. Whether they harbour life is a
harder question that we might answer in decades. Another difficult question is how we could
travel or send a spacecraft to an exoplanet. We can use the Interstellar Trip Planner
(http://planetquest.jpl.nasa.gov/system/interactable/5/) to get to know how long it would take
to travel to an exoplanet by different space vehicles. I recommend another interesting,
interactive website about the exoplanets: http://eyes.nasa.gov/eyes-on-exoplanets.html.
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SPACE TELESCOPES AND FUTURE EXOPLANET MISSIONS

The NASA Kepler Space Telescope was designed to seek exoplanets and determine their
size and orbital period. This most successful space telescope found the first Earth-sized planet
in the habitable zone of a star (Kepler-186f).

The Transiting Exoplanet Survey Satellite (TESS, 2017 NASA) will measure light curves
of stars in the whole sky. The main goal of the TESS mission is to detect Earth-sized
exoplanets around bright stars near our Solar System.

The James Webb Space Telescope (JWST, 2018 NASA) will use the infrared light. It will
study the atmospheres of exoplanets to find an Earth’s twin among other scientific goals.

CHaracterizing ExOPlanet Satellite (CHEOPS, 2017 ESA) will detect exoplanetary transits
of bright stars already known to have exoplanets. The CHEOPS mission will determine the
bulk density of small exoplanets orbiting bright stars.

The PLAnetary Transits and Oscillations of stars (PLATO, 2024 ESA) mission will find
and characterise Earth-sized exoplanets and super-Earths. It will help understand the planet
formation, too.

WHY TO STUDY AND TEACH EXOPLANETS?

Teaching exoplanets in the school is usually a challenge for physics teachers, because it is
a complex subject of physics and other fields of science. Astronomy, especially teaching
exoplanets is a very efficient way to teach science including physics.

The more we learn about exoplanets, the more we know about how our Earth and the Solar
System function, how planets form and interact with each other. Students would like to know
more about exoplanets, and they take part enthusiastically in assigned projects related to
habitable exoplanets.

We live in a special era, when we can determine some properties of planetary systems
hundreds of light-years away and able to answer some questions about the universe that
humans have asked for a long time. We efficiently explore our Solar System and beyond to
understand our place in the Universe, and look for extraterrestrial life. The search for and the
understanding of life in the Universe are fundamental questions in the natural sciences as well
as in philosophy, psychology, sociology and theology.
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ABSTRACT

Effective and interesting physics education is conditioned by exploratory character of
student's activity. One aspect of how to support pupils' curiosity and imagination, as well as
observation is to integrate teaching with historical observations of the night sky. Within the
informal education we can use virtual observations by means of astronomical computer
programs EURO — VO (The European Virtual Observatory) that allow us to conduct
simulations in space and time and help us explain individual phenomena in their historical
context and discovery. The author presents a case study of including selected historical
components of observations in physics education by means of interactive computer programs
and also describes her experience with such work.

INTRODUCTION

The current period of astronomical development is accompanied by a huge increase in
information data, which has prompted a new way of archiving them. The digitization of
astronomical data marks a new era not only in the processing and use of these data by the
professional community, but also in making it available for educational needs as well as to the
general public. The rapid development of information technology in recent years has greatly
expanded opportunities in education. It stimulated new forms of education and significantly
reshaped the aims and methods of teaching. The inclusion of interactive computer programs
in teaching can be seen as an essential element to promote a quality learning environment. At
present, the implementation of innovative technologies in teaching has been discussed by
various educational researches not only abroad but also in Slovakia [1, 2]. Virtualization and
interactive programs have become a key method in many educational standards and
encourage an active learning method at all levels of education.

It turns out that inclusion of the practical part of the learning process in different areas of
astronomy, e.g. the virtual observatories, promotes pupils' active learning process. The biggest
attraction for pupils of primary and secondary education level is, undoubtedly, the
observation. A very practical astronomical observation in the context of teaching, however, is
associated with a number of problems — ranging from schools being poorly equipped with
observational techniques, light pollution of the site, the weather changes to time requirements.
Additional restrictions stem from the fact that observations at night cannot be conducted
during regular school hours and thus require special arrangements that are not easily made in
most of the primary and secondary schools. Astronomical interactive virtual programs are
thus an excellent substitute for the real observations. Their inclusion in the process of
teaching is currently highly relevant.
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We know a number of European projects which aim to streamline the teaching of
astronomy through modern technology education. European Virtual Observatory project
EURO — VO offers special products - computer programs that enable global electronic access,
offer software tools for search, virtualization, and data analysis for research and educational
purposes [3]. Computer programs Stellarium and Aladin can rightly be called virtual
observatories. Their application introduces us into story lines of the night sky in real time, in
the past or in the future. Using the displayed data the phenomenon in its historical continuity
of the discovery process as well as the latest astronomical data can be explained. In this paper,
we focus on the application of certain options listed in computer programs to physics lectures
or to working with interest groups.

STELLARIUM

Stellarium [4] is a computer planetarium that displays a realistic sky as it can be seen with
the naked eye or binoculars. However, it is not restricted to visualization of the celestial
sphere. It also allows to view different parts of the universe both in space and in time. It is
mainly based on the Hipparcos catalog. Stellaria Basic Catalog contains 600,000 stars with
their basic identification data. The virtual observatory Stellarium with its software suite
provides the user with a number of variations of creating the outputs. In our contribution we
focus on those that can be used in teaching.

The student's ability to navigate in the night sky is one of the goals of teaching astronomy
in our schools. Due to the fact that Stellarium can specify the location of the observation
points, in this virtual world we can demonstrate the beauty of not only the northern but also
the southern night sky. To determine the constellations we can use an "assistant" to determine
the name of the constellation and its brightest stars, to determine the shape, but also its
mythological representations (Fig.1). Attached circles allow us to visualize the constellations
according to the basic distribution, to track astronomical phenomena, such as the position of
planets, stars occultation by the Moon, and also, for example, meteor showers. For an
explanation of real phenomena in the sky, Stellarium provides additional programs (scripts),
which can be downloaded from the Internet. Furthermore, new customized programs can be
created. Stellarium has been developed as an open source software project under the GNU
GPL license and allows users to add their own plug-in modules (satellites, control of
telescopes etc.). The scripting language ECMAScript offers the users possibility to create
their own views, to find positions of various objects or to demonstrate different phenomena.

The existing scripts contain examples of eclipses of the Sun and the Moon, projection of
the Earth from other planets, as well as surface maps of particular planets.

The program allows the users to monitor real orbits of planets and their moons. We can
see, for example, Jupiter moons, as they were first seen by Galileo Galilei. Stellarium allows
much more, their zoom and even their movement over time. For a few seconds we can see the
whole circulation of the moons around the planet. In Stellarium, information can be found on
parallax, spectral type and absolute magnitude of the brightest stars, which allow us its use in
teaching. In this way it is possible to construct, for example, the HR diagram of the brightest
stars of the night sky.

In the next section, we present an example how to compare the age of three open star
clusters. We choose the best-known open star clusters: the Pleiades, Hyades and the Beehive
(Praesepe). Stellarium program will allow us to locate the clusters and the necessary data for
the stars, in particular — absolute magnitude and spectral class (Fig.2). These data were
processed in the table editor. The displayed diagram represents a shift from individual stars on
the main sequence of the HR diagram.

182



Historical experiment using virtual observation

Fig.1. Exploring constellations asterisms Summer Triangle

The HR diagram basically shows the relationship between the stars” brightness versus their
spectral type. The stars of the Pleiades are listed on the main sequence, which documents their
younger age compared to the stars in the Hyades, for which the offset from the main sequence
on the HR diagram is larger [5].
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Fig.2. The HR Diagram for the open clusters Pleiades, Hyades and Praesepe
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ALADIN

The interactive computer program Aladin [6] acts as a space atlas which allows the user to
visualize digitized astronomical images, to search astronomical catalogs of data and databases
(e.g. Simbad, VizieR) and to connect all the servers of virtual observatories. In teaching it
allows students to reproduce astronomical discoveries by providing the necessary data. It
includes a built-in spreadsheet for calculations which other programs lack. Having in mind the
complexity of the program it is more suitable for students who have learned the basics of
working with a computer as well as basic knowledge of astronomy. In settings, the control
level can be selected, one of the possibilities is the student profile. ALADIN is a basic
environment that can run specialized tools of virtual observatories available on the Internet in
the form of modules, for example for data visualization and spectrum analysis. For the first
orientation in available options for computations needed in astronomy, methodically worked
examples on the web EURO-VO can be used.

For illustration, we can give an example of using the ALADIN program to help determine
a distance of a galaxy. Firstly, a distance of the galaxy M31 in the constellation Andromeda
was determined by Edwin Hubble. In determining a distance, he used characteristics of
Cepheid variable stars (Ceph). Period changes in brightness of the variable star depend on the
absolute magnitude according to the equation

M=-143-2281logP, (1)

where M is the absolute magnitude of a given star, P is the period of the star's brightness
changes. The distance of the galaxy can be determined by the distance module, which is a
function of the absolute magnitude. The module distance can be expressed as

m-M=5logr-5, ()

where M is the absolute magnitude, m the apparent magnitude of the star and r is the distance
expressed in parsecs. In the following section we present a practical application of the
procedure for determining the distance of the galaxy M81 in the constellation Ursa Major. In
the ALADIN program we open the catalog VizieR M81 and find an object and choose the
type of variable star Ceph. The program displays the stars and a data sheet. In the table of data
we are interested in a column with a period. To calculate the absolute magnitude of stars
found we can use a built-in calculator of the ALADIN program, or process the data by other
means (Fig.3 a, b).
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Fig.3 a) calculation of the absolute magnitude and
b) distance Ceph in M 81 in the program Aladin
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PROJECT OF KNOWLEDGE ACTIVE CREATION THROUGH AN INTERACTIVE
STELLARIUM.

1. In the pilot project we investigated the extent to which the learning process will be
influenced by such computer applications. We chose the interactive computer program
Stellarium, which is a product of the European project EURO-VO (The European Virtual
Observatory). We focused on the possible inclusion of certain topics from astronomy to
physics and worked out simple tasks using Stellarium. For the pilot survey, two first grade
classes of the secondary school in Snina were selected, where in the physics curriculum
astronomy was included. Students solved problems involving several virtual observations -
according to the covered thematic topics — the orientation of the Solar System in the sky and
Kepler's laws. Students in both classes were comparable (23 students in the class where the
program Stellarium was used, and 25 students, where the topic took on the traditional way).
The conclusion was made by a knowledge test of the topics covered. The test results clearly
show that students who have taken over the curriculum using the computer program
Stellarium acquired much more basic terms.

2. Regarding attitudinal questions, 75% of the pupils who worked with Stellarium
answered that learning astronomy was interesting for them (in the experimental classes such
statement was given by 50% of pupils).

Test answers evaluation

| Classic method

| Stellariem

Number of correct answers

Fig.4. Test answers evaluation

CONCLUSION

The results of our pilot survey confirm that the inclusion of interactive computer programs
in teaching supports increasing the knowledge level in the field. We can conclude that
teaching with Stellarium was also very interesting for pupils. The active work aroused greater
interest in them in the discussed topics than in students who took the traditional way.
Moreover, as demonstrated by the final test, they showed more acquired knowledge than
students in classical teaching. It turns out that the inclusion of topics from astronomy to
physics teaching using Stellarium is a motivator for learning and may be one of the factors
that will help determine further orientation of pupils towards studying natural sciences.
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ABSTRACT

Game theory gives a general mathematical framework to quantitatively describe real life
situations and to characterize the interactions between players representing humans, groups
of humans, animals, plants, bacteria, etc. The knowledge of the concepts and results of game
theory can help us identify clearly the different types of interactions and to apply the known
solutions in order to improve the life level of individuals and the economical efficiency of the
societies. The terminology and the useful messages of game theory will be demonstrated by
discussing a simple set of matrix games. Finally we summarize arguments justifying the
importance of teaching game theory in the secondary school.

INTRODUCTION

Most of us use dozens of devices (e.g., mobile phone, computer, and LED lights) and enjoy
the comfort provided by the modern buildings, cars, mass transportation, etc. All these things
are the products of high technology utilizing the results of natural sciences including physics,
chemistry, and mathematics. In the last century we have understood the structure of atoms,
how materials are built up from atoms, and we can determine their macroscopic behaviour in
the knowledge of microscopic interactions. At the same time, there are many other systems
(human societies, ecological systems, biological species, languages, etc.) that are composed of
many interacting objects.

The elementary interactions between the mentioned small objects are complex in
comparison to those determining the behaviour of physical or chemical systems. In many
cases, however, these interactions can be quantified by payoff matrices introduced in
traditional game theory [1]. For example, in biological systems the strategies represent species
and the payoffs quantify the effect of their interaction on their fitness measuring the capability
of creating offspring. Evolutionary game theory [2], [3], [4] gives a general mathematical
basis for investigating living systems and for understanding phenomena and mechanisms
controlling human behaviour [5], [6], [7] and Darwinian evolution [8].

The application of the relevant results of game theory at different levels (from the
individual behaviour to the decision of managers and law makers) is generally prevented by
the absence of knowledge of the fundamental concepts of game theory and of the general
nature of interactions described by games. Game theory quantifies a wide scale of situations
we face day by day. Sometimes there exist many solutions (Nash equilibria) favouring
different players. For example, in the coordination (or anti-coordination) type interactions the
players benefit when choosing the same (or opposite) options whereas the difference in their
payoffs may be the source of further conflict. For the so-called social dilemmas the individual
interest suggests the players to choose options that are considered as “the tragedy of the
community” because they could receive higher income with collaboration.
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For the illustration of the terminology, concepts, solutions, and messages of game theory
we first study the donation game and then a simple set of matrix games will be surveyed in
the following sections. Finally we will discuss briefly experiences of teaching game theory in
the secondary school and summarize additional arguments supporting the teaching of game
theory.

DONATION GAME

Social dilemmas occur in a simple way in the donation game where two players (X and Y)
have two options (“no” and “yes”, in short n and y) to choose. More precisely, they must
decide simultaneously (without communicating to each other) whether they wish to pay 1
euro to the co-player for receiving 2 euros. The pure incomes of players should be reduced by
their investment as it is given in Table 1 for both players for all the four possibilities (called
“strategy profiles” in game theory).

Table 1. Payoffs for player X and Y for the donation game.

X\Y No yes
no (0,0) 2,-1)
yes (-1,2) 1.D

The intelligent and rational (selfish) players recognize that their own investment is
beneficial only for the co-player and the maximization of their own incomes advices both to
choose “no”. Here we have to emphasize that in traditional game theory the players assume
that the co-players are also intelligent and rational players who wish to maximize their own
payoffs irrespective of others. Thus the strategy profile (n,n) is a single Nash equilibrium that
is the suggested solution in traditional game theory. In this case both players are satisfied
because they cannot increase their own income by choosing another strategy unilaterally. At
the same time the strategy profile (y,y) would provide them higher payoffs, and hence the
dilemma.

The above Nash equilibrium can be found by determining the direction of edges in the
flow graph for which the nodes represent strategy profiles and the edges connect those
strategy profiles which differ in only one of the players’ strategies as illustrated in Fig. 1. The
directions of arrows point towards the strategy profile providing a higher income for the
active player. In this directed graph the node without outgoing edges represents the Nash
equilibrium.

(n,n) _ (ny)
(030} N (2\‘ ] )
| 'y
(y.n) _ (y.y)

(-1,2) - (1,1)

Fig.1. Flow graph of the donation game. The strategy profiles (nodes) are denoted by
boxes indicating the strategy labels (upper rows) and payoff pairs (lower rows). The Nash
equilibrium with only incoming edges is denoted by the gray box.
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In real life situations the donation may be money, food, solicitude, transfer of knowledge
or experience, and encouragement that has some cost ¢ (here c¢=1) for the donator while the
benefit b (here »=2) of donation exceeds the value of cost (in short, b>c). The essence of this
game remains unchanged if the donations are not synchronized within a pair or when similar
games are played by randomly selected pairs of a large population of players. At the same
time, the repetition of these games implies a possibility to react to the previous decision of the
co-player. In the latter (repeated or iterated) versions of these games the mutual donation can
be enforced by following suitable strategies (e.g., tit-for-tat) [5]. Human experiments [6] have
justified that in general people help each other in similar situations. Evolutionary game theory
has explored several mechanisms supporting the maintenance of altruistic behaviour in
similar situations [2], [3], [4].

SYMMETRIC MATRIX GAMES

In the above-mentioned donation game there are two equivalent players with both having
two options what will be denoted henceforth as D and C strategies. Now we extend this 2x2
matrix game by introducing the bi-matrix notation. In this notation instead of the tabulated
payoffs (see Table 1) the game G is defined by the following bi-matrices as

[(P, P) (T,S)J [(0,0) (T,S)j
G= - , @))
S, T) (R,R) S, T) (@)

where the payoff pairs for each strategy pair are arranged in the same order as in Table 1.
The equivalence of players for the symmetric games is reflected by the facts that the players
receive the same payoff if both choose the same strategy and they exchange their payoffs
when exchanging their strategies. As a result, all the symmetric 2x2 matrix games can be
defined by four payoff parameters. The number of relevant parameters, however, can be
reduced by identifying that the rank of payoffs (order of preference) remains unchanged if we
add a constant payoff to each payoff component. Consequently, we can choose P=0 without
any loss of generality. Additionally, we can modify the payoff unit by choosing R=1. The
games with these rescaled payoff parameters are defined by only two parameters. Thus on the
T-S plane each point represents a game. When evaluating the flow graph we can then
distinguish only four types of the symmetric 2x2 matrix games separated by dashed-dotted
lines in Fig.2.

S

0

0 1 2 T
Fig.2. Flow graphs in the four quadrants of the T-S parameter plane where the gray boxes
indicate Nash equilibria as in Fig. 1.
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In the region of Harmony (H) games (7<1, $>0) the system has a single Nash equilibrium
when the maxima of individual and common incomes coincide. In this notation the above-
discussed donation game is located in the region (7>1, S<0) of Prisoner’s Dilemma (PD) for
which each game has a single Nash equilibrium. In the latter case, however, the choice of
Nash equilibrium provides the same (zero) income for the players that is less than what they
would get when choosing the opposite strategy mutually. Unfortunately, the original story of
the prisoner’s dilemma [9] masks and suppresses the importance of this serious social
dilemma we face frequently day by day. For example, such situation can occur in the recent
level of specialization (division of work) when the workers decide whether they execute their
duty fairly or not. Similar situations can be observed among bacteria having two mutants
(considered as strategies) producing (or not) enzymes that catalyze the extraction of food from
the environment [10]. The disarmament negotiations and many other examples of social (or
prisoner’s) dilemmas indicate clearly that the exploitation of others is not a human invention
rather it should be considered as an existing type of interactions between living objects.

The Stag Hunt (SH) game represents an interaction where the players do the best when
choosing the same options, consequently, this game has two Nash equilibria. At the same time
their income may depend on the strategy they choose mutually and the difference in their
payoff may be the source of an additional conflict. Examples for these real life situations are
cases when the players have two options (to use meter or inch as length unit, to install Linux
or Windows on their computers, to select one of the possible technologies in their work, etc.)
and some advantage can be realized when choosing the same one. This is the reason why
these games are frequently termed as coordination games.

Using the latter terminology the Hawk-Dove (HD) game is an anti-coordination game
because here the system has two Nash equilibria when the players should choose the opposite
options (see Fig. 2). Such situations occur also frequently in the mentioned systems. In
biological systems the symbiotic behaviour exemplifies this type of interactions. In human
societies the division of work (or specialization) can create extra profit for the players if they
divide the task(s) into complementary parts. Anyway, this is the game that two players play
when entering a room through a narrow door as both player have two options: to be the first
or second to enter.

Fig.1. illustrates that we can distinguish only four types of symmetric two-player two-

strategy games whereas we can draw 24=16 different flow graphs for the non-symmetric
games. The reduction in the number of distinct types is related to the symmetry ensuring the
same payoff variation for both players when deviating unilaterally from the DD or CC
strategy profiles. The latter symmetry implies an additional consequence, namely, the sum of
the payoff variations (of the active players) is zero along the four-edge loop of this flow
graph. On the analogy of the potential energy in physical systems here we can also introduce
a potential for each strategy profile that can be given by the potential matrix V. In the present
example the payoff matrix A and the potential matrix V are expressed as

(0 Tj [O S J
A= and V= 5 (2)
S 1 S 1-T+S

where the matrix components, defining payoffs for the first player and potentials for the
pair of players for all the strategy profiles, are arranged in the same way as in Table 1 and Eq.
(1). In fact, the potential summarizes the individual incentives along a series of changes in the
space of strategy profiles when only one player can modify her strategy. The latter property is
reflected by the equivalent payoff differences in the corresponding columns of A and V.
Notice that V is a symmetric matrix. The largest component of the potential matrix plays a
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distinguished role as it identifies a preferred Nash equilibrium. More precisely, the
corresponding strategy profile is analogous to the ground state (minimizing the potential
energy) in physical systems. The left panel of Fig. 3 indicates the preferred Nash equilibria as
a function of the payoff parameters. The mentioned preference selects one of the Nash
equilibria in the region of SH game whereas the equivalence of the DC and CD Nash
equilibria is reserved for the HD games. It is emphasized that the state of the “tragedy of the
community” (gray territory in Fig. 3) emerges within a large region of parameters.

S S

1 be | e

OrF or
— @) \39
0 ' 0

CE \

DD

0 | 3 I 0 I 2 T
Fig.3. Left panel: Preferred Nash equilibria for selfish (rational) players on the T-S plane.
Right panel: Nash equilibria for fraternal players for the same payoffs.

The right panel of Fig. 3 illustrates a way how the “tragedy of the community” can be
avoided by fraternal players who represent the behaviour of family members or friends. The
fraternal players agree to share their total payoffs equally. In that case the individual and
common interests coincide and the dilemma vanishes.

Two Nash equilibria exist in the regions decorated by checkerboard patterns in Fig.3. In
these solutions the players receive different payoffs, namely, 7" and S. The latter differences,
however, can be eliminated for iterated games if the players alternate the strategy profiles CD
and DC.

In the multi-agent spatial evolutionary games [11] the players are distributed on a lattice
and they play games with their neighbours. Sometimes the players are allowed to modify their
strategy by following a dynamical rule. In contrary to the traditional game theory [1] here the
intelligence of the equivalent players is limited. In biological models the unsuccessful players
are replaced by the offspring of the more successful ones in the spirit of Darwinian selection
[2]. This approach is adapted for human systems with assuming that players with low payoffs
imitate/adopt the strategy of a more successful neighbouring co-player. The so-called logit
rule assumes a higher level of intelligence, because here the players are capable of evaluating
their payoffs for their possible strategies at a fixed strategy profile in the neighbourhood. In
consecutive elementary steps they choose one of their strategies with a probability increasing
exponentially with the payoff. This stochastic rule drives the systems into the Boltzmann
distribution that validates the concepts and mathematical tools of statistical and solid state
physics [12], [13], [14].

Fig.4. illustrates a process that exemplifies the close relationship (analogy) between the
physical and social systems (for a more detailed discussion of this analogy see [15]). The
physical system is the ferromagnetic Ising model where atoms are located on the sites of a
square lattice and the magnetic moments of atoms can be oriented upward (1) or downward
(}). For the ferromagnetic materials the interactions between the neighbouring atoms favours
the same orientation, namely, 11 or | |. At low temperatures we can observe and ordered state
when all the magnetic moments point to the same direction. In the presence of an external
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magnetic field, however, one of these ordered states is preferred. Fig.4. show a reversal of
magnetization when initially most of the magnetic moments point to downward despite of the
presence of an external magnetic field preferring the opposite ordered arrangement. Due to
the stochastic events atoms with 1 state occur occasionally but their moments are reversed
back by the neighbouring atoms within a short time. Sometimes, however, an island of 1
atoms can be formed, and if its size is sufficiently large then the size of this island grows with
a velocity proportional to the strength of the external magnetic field. The related phenomena
are well described in the literature of magnetic materials and this knowledge is utilized in
magnetic hard discs, electric motors, and transformers.

Fig.4. Evolution of strategy distribution for the evolutionary stag hunt game on a square
lattice for S=-0.4 and 7=0.5 at a low noise level. Initially almost all the players use D strategy
indicated by black boxes on the left snapshot. The system remains in this state until the
formation of a sufficiently large colony of C players denoted by white boxes in the middle
snapshot. The territories of these C islands growth and finally (right snapshot) the system
evolves into the preferred Nash equilibrium where some defects can be present due to
mistakes in the imitation.

In social systems the above process can be interpreted, for example, as the spreading of a
new technology in a society where initially the members (players) use an older and less
efficient one. In these models the strength of noise quantifies the frequency of mistakes in the
strategy refreshments and its role is analogous to the temperature in physical systems.

Besides the above examples there are many other potential games even with more than two
strategies that can be mapped onto a suitable physical model [12], [13]. It is known that the
presence of cyclic dominance in the payoffs prevents the existence of potential [14].

The cyclic dominance is represented by the matching pennies and rock-paper-scissors
game for two or three strategies [2], [3]. The presence of these components in the interactions
can help the maintenance of cooperative behaviour in the social dilemmas. Anyway, the
games with cyclic dominance exhibit some other surprising and general laws (e.g.,
unexpected consequence of external influence [16] and parity effects [17]) that are also
worthy of teaching.

MESSAGES OF GAME THEORY

The above examples have illustrated how game theory can be used for the quantitative
explanation and classification of phenomena affecting our life directly. Now we underline
several properties that are not detailed previously.

First we emphasize the difference between game theory and decision theory that can be
considered as the first lecture in a course of game theory. Decision theory deals with cases
when we should select one of the possible options whose utilities are quantified by real
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numbers (the better choice is quantified by a larger payoff). Here we can recognize that the
valuation of utilities may depend on the player. Furthermore, the determination of the optimal
choice is based on the rank of payoffs that simplifies the quantification of utilities.

In non-cooperative game theory we study situations where n players choose one their
possible options simultaneously (without collaboration or communication with any of the
others) and the quantified utilities depend on the choices of all the participants. For most of
these normal games the players cannot choose the strategy providing their highest individual
income because of the counter-interest of the co-players. The traditional game theory assumes
rational and intelligent players who wish to maximize their own payoffs (irrespectively of
what happens to the others) meanwhile they also assume the same levels of selfishness and
intelligence for the co-players. For normal games the Nash theorem [18] states the existence
of (at least one) so-called Nash equilibria from which the unilateral deviation is not beneficial
for the players. In many games (e.g., matching pennies or rock-paper-scissors) only one
mixed Nash equilibrium exists when the players choose one of their pure strategies with
probabilities depending on the payoffs. In these cases the game resembles gambling.

Fundamentally different difficulties arise for games having two or more Nash equilibria
because here we need further criteria to choose one of them. The most important problems,
however, are related to the social dilemmas that exist in a large region of the payoff
parameters for the normal games. As mentioned above, in social dilemmas the individual
selfishness enforces the players to choose a Nash equilibrium that may provide a low income
in comparison to those suggested for their collaboration. At the same time for the latter
strategy profile(s) some of the players can benefit when deviating unilaterally from the
collaboration and these possibilities destabilize the collaboration.

In the light of game theory the mentioned features can be considered as natural laws
characterizing the interactions between living objects. The systematic investigations of the
models of evolutionary game theory have already explored relevant effects and consequences
of these types of interactions [3], [4], [11]. Different mechanisms are discovered that can help
the society to avoid the trap of social dilemmas. For example, the application of the tit-for-tat
(TFT) strategies was suggested by Axelrod [5] for repeated prisoner’s dilemma game at fixed
partnership in the absence of noise. The TFT strategy algorithm chooses C strategy in the first
step, afterwards the TFT players repeat the co-player's previous step that can be interpreted as
a punishment of defection and reward of cooperation. In the presence of noise (mistakes),
however, the use of the forgiving TFT strategy is more beneficial [3], [4], [11]. Nowak and
Sigmund [3], [4] have evaluated the probability of forgiving (when the defection is not
reciprocated) that depends on the payoffs. In the absence of forgiveness the strict TFT players
would punish alternately each other after an occasional mistake.

Other possibilities [e.g., punishment, reward, and voluntarism] are also explored and can
be efficiently used in repeated human interactions. Some of the mentioned methods require
additional cost to be paid by the players favoring the maintenance of cooperative behavior
that is beneficial for the whole community. This is the reason why the altruistic punishment is
considered as a second order donation game.

The limited length of this article does not allow us to discuss other general laws and
relationships that can be analysed with using the concepts of game theory. Instead of it in the
following section we briefly survey other arguments supporting the importance of teaching
game theory in high schools.
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ADDITIONAL ADVANTAGES AND CHALLENGES IN TEACHING GAME
THEORY

Children enjoy games. In the ancient ages as well as today games have helped us develop
skills in order to find a good solution quickly in every-day situations. Theachers [15], [19],
have reported significant increase in the activity of students in courses of game theory. A
relevant portion of students have modied their opinion of learning math and other natural
sciences as they found the related problems attractive and useful. In other words, the teaching
of game theory has generally improved the reputation of natural sciences including the
approaches and methods of physics.

Computers and internet ensure an excellent background/facility for everyone to play the
games of game theory against each other. In the last years Alvin Roth (Nobel Memorial Prize
Laurate in Economics, 2012) and his team has launched a softver that is already used in
several universities in teaching game theory [20]. Teachers and students can register
themselves and play games under the conduction of their teacher. When playing repeated
games against each other or against the computer the students can experience personally how
to use mixed strategies in the matching pennies or rock-paper-scissors games.

For the repeated social dilemmas the players can do a series of experiments in order to find
good solutions against opponents following unconditional cooperation or defection, different
versions of TFT, random, or win-stay-lose-shift strategies. The necessity of forgiveness
between to TFT players can also be well demonstrated in situations where mistakes are
present.

The investigation of social dilemmas cannot be separated from ethical questions because
the unconditional cooperators and defectors can be considered as good and bad members of
the community. The mentioned games illustrates the usefulness of the fraternal behavior. Here
it is worth mentioning that the importance of altruism and trust in human behavior are also
investigated experimentally and the results are justified by mathematical models of
evolutionary game theory.

For example, in the two-player ultimatum game [21] the first player proposes how to share
100 dollars between them and the second player can accept or reject it. If the proposal is
accepted then both players recieve the proposed portions, otherwise the players receive
nothing. In this game the Nash equilibrium is to propose only 1 dollar for the co-player who
should receive it as it is more than nothing. On the contrary, the human experiments indicated
that a large portion of players suggested approximately equal sharing. The latter result is
related strongly to the experimental fact that most of the players rejected the proposal less
than 20 dollars. These experiments are performed by students who know nothing on game
theory and social dilemmas. Otherwise the preliminary knowledges modify the behavior of
players [22]. In other words, the acceptance of social norms (here the fair sharing of income)
can be trained by playing similar games.

It is worth mentioning that the necessary trust in human collaborations can also be
improved by playing the so-called trust game [23]. In this experimental game the players are
located in two rooms (A and B) separately. Players in room A have to decide how much of
their 10 dollars is invested and sent to a counter-player (in room B) who receives a tripled
sum. Afterward players in room B have to decide how much of the tripled money to keep and
how much to send back to their respective coplayer. The experiments indicated a wide scale
in the behavior that is improved when the game is repeated by the same players later.

In traditional game theory cooperative games are addressed to study the formation of
strategy associations that can provide higher total income for the members of collaborators. In
evolutionary game theory [10], [11] dozens of models have justified the spontaneous
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emergence of strategy associations via the Darwinian selection. For example, in sports the
success of the specialization of players in a football or handball team is well demonstrated.
Additionally the latter examples illustrate both the importance of high level training
(teaching) and of finding the best persons for all positions.

Finally we have to mention briefly the challenges and difficulties coming from the absence
of traditions and methodology in teaching game theory. Playing different types of games can
be adjusted to the evolution of the human brain. The experimental investigations of children’s
behaviour [24], [25] have clearly indicated that human egalitarianism and parochialism have
deep developmental roots, the inequality aversion and other-regarding preferences develop
(and can be trained) strongly between the ages of 3 and 8. The mathematical knowledge of
high school students makes them capable of analysing the above-mentioned problems and
phenomena with the help of game theory and also discovering the similarities between
different living systems. The above mentioned examples have demonstrated the application of
some simple mathematical concepts and methods that can motivate students to learn more on
vectors, matrices, and graphs. At the same time it implies the necessity of collaborations
between teaching mathematics, physics, chemistry, biology, and ethics.

CONCLUSIONS

Game theory originally was developed to find the solutions in some traditional games (like
poker and other card games, nim game, table games, military games, etc.) with using the tools
of mathematics. It turned out, however, that the concepts of game theory can be efficiently
used to study the general features of phisical and living systems where the complex
interactions are characterized by payoff matrices representing social dilemmas, cyclic or
hierarchical dominance between the distinguishable players. Modern game theory and
evolutionary game theory give us a tool for explaining analogous phenomena occuring in
different fields of sciences. All these advantages can be utilized if students learn the alphabet
of game theory at the level of their knowlegde of algebra and geometry.

The efficiency of teaching game theory can be increased significantly by applying the tools
of informatics as detailed above. These facilities can maintain and enhance the interest and
activity of students int he high schools and will help them to improve the level of
cooperation/collaboration in their future life.

ACKNOWLEDGMENTS

I am grateful to teachers, Laszloné Leitner, Zsigmond Deli, and Marta Javor, who begun to
teach game theory in high schools and shared their promising and interesting experiences with
me.

REFERENCES
1. J. von Neumann, O. Morgenstern: Theory of Games and Economic Behaviour,
Princeton University Press, Princeton, 1944

2. J. Maynard Smith: Evolution and Theory of Games, Cambridge University Press,
Cambridge, UK, 1982

3. M. A. Nowak: Evolutionary Dynamics, Harvard University Press, Cambridge, 2006

4. K. Sigmund: The Calculus of Selfishness, Princeton University Press, Princeton, 2010

5. R. Axelrod: The Evolution of Cooperation, Basic Books, New York, 1984

6. E. Fehr, S. Gachter: Cooperation and punishment in public goods experiments,

Quarterly J. Econ. 114, 980, 2000
7. H. Takahashi et. al: Honesty mediates the relationship between serotonin and reaction
to unfairness, PNAS, 109, 4281, 2012

197



Teaching Physics Innovatively

8.

9.

10.

11.

12

13.

14

15.

16.

17.

18

22.

23.

24.

25.

J. Maynard Smith, E. Szathmary: The Major Transition in Evolution, Freeman & Co,
Oxford, 1995

W. Poundstone: Prisoner’s Dilemma, Anchor Books, New York, 1993

E. Frey: Evolutionary game theory: Theoretical concepts and applications to microbial
communities, Physica A 389, 4265, 2010

G. Szabo, G. Fath: Evolutionary games on graphs, Phys. Rep. 446, 97, 2007

. L. E. Blume: Statistical mechanics of strategic interactions, Games Econ. Behav. 5,

387, 1993
D. Monderer, L. S. Shapley: Potential games, Games Econ. Behav. 14, 124, 1996

. G. Szabd, K. S. Bodo, B. Allen, M. A. Nowak: Four classes of interactions for

evolutionary games, Phys. Rev. E 92, 022820, 2015

M. Javor, T. Geszti: Group decisions taking, as viewed through sociophysics, present
volume

K. I. Tainaka: Paradoxial effect in a three-candidate voter model, Phys. Lett. A 176,
303, 1993

K. Sato, N. Yoshida, N. Konno: Parity law for population dynamics of N-species with
cyclic advantage competitions, Appl. Math. Comput. 126, 255, 2002

. J. Nash: Non-cooperative games, Ann. Math. 54, 286, 1951
19.
20.
21.

B. Leitner, Experiences in teaching game theory in the high schools, present volume
https://www.moblab.com

W. Giith, R. Schmittberger, B. Schwarze: An experimental analysis of ultimatum
bargaining, J. Econ. Behav. Organ. 3, 367, 1982

J. Gale, K. G. Binmore, L. Samuelson: Learning to be imperfect: The ultimatum game,
Games Econ. Behav. 8, 56, 1995

J. Berg, J. Dickhaut, K. McCabe: Trust, reciprocity, and social norms, Games Econ.
Behav. 10, 122, 1995

E. Fehr, H. Bernhard, B. Rockenbach: Egalitarianism in young children, Nature 454,
1079, 2008

K. Hamann, F. Warneken, J. R. Greenberg, M. Tomasello: Collaboration encourages
equal sharing in children but not in chimpanzees, Nature 476, 328, 2011

198



Colour blindness and science

COLOUR BLINDNESS AND SCIENCE - 50 SHADES OF
MUDDY GREEN INTERSPERCED WITH BLUES AND
YELLOWS

D. Featonby

Science on Stage Europe, da.featonby@gmail.com

ABSTRACT

Colour blindness or colour vision deficiency (CVD) is the most common genetic disorder in
humans affecting 250 million worldwide. About 8% of males have colour vision deficiency,
i.e. 1in 12 boys in schools. Despite its prevalence many teachers do not realise that it is more
than ‘getting colours mixed up’; it is a problem with distinguishing colours across the
spectrum. This can impact on the engagement, understanding, and attainment of a pupil.
Without correct diagnosis at an early age a child’s motivation will be seriously affected.

INTRODUCTION

Colour, something we take for granted, is often a far more complex phenomenon that we
realise. There are several experiments which can demonstrate this. Our perception if affected
by many factors including background colours, previous exposure of the eye, and of course
the physiology of our eyes.

Teachers are aware of that “colour blindness” is a problem for some students, but rarely
have any training in dealing with the issues, rarely know who is colour blind in a class, and
therefore rarely make any adjustments to lessons. 40 to 50 years ago when some of the
research was carried out, often quoted to justify inaction by authorities, the world was a very
different place, white chalk on a black board, black and white TV, and textbooks with little
colour. However the 21st century children are brought up in a very different environment full
of colour.

There is little consistency across Europe in either assessment of CVD or strategies to deal
with it, particularly in schools. Children and parents are often unaware that they are colour
blind, and many teachers do not have a clear understanding of the special needs of colour
blind children. Hence pupils can be severely disadvantaged and incorrectly diagnosed as
being inattentive, underperforming, or requiring other types of special education needs
support.

There is very little information readily available as to how best to deal with this issue.
WHAT ARE THE DIFFERENT TYPES OF COLOUR VISION DEFICIENCY?
Our colour sensation is determined by the three different cones in our retinas, commonly

called the blue, green and red cones. However this is a slight misnomer, as each cone is
sensitive to a wider range of wavelengths, as will be understood from Fig.1.
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Fig.1. Diagram showing sensitivity of the three cones in the retina

The technical terms are as follows:
e Trichromacy describes ‘normal’ vision which is the 3 cones working together.
Those with Colour Vision Deficiency may suffer from
e Protanopia which is “Red” cone deficiency
e Deuteranopia which is “Green” cone deficiency
e Tritanopia which is “Blue” cone deficiency

Often the first two are groups together simply as “red/green” colourblind as the effects can
be perceived as quite similar, as can be seen by looking at the computer generated
simulations.

Birds and animals have visions which differ from what we regard as “normal human
vision”. Many mammals are what we would call “colour blind”. Dogs for example work with
only two different cones. Surprisingly, to many, a bull does not “see red” so is attracted to the
toreador’s cloak by its movement rather than its colour.

Thankfully, modern technology enables us to simulate what someone who suffers from
CVD may see when confronted with different colours (Fig.2.).

Fig.2. Coloured pencils as seen by someone with deuteranopia (left) and with normal vision
(right), from Colour Blindness Awareness Association simulation by “vischeck” [1].

200



Colour blindness and science

The effect is often hidden of course because a child has always been taught that that
“muddy green” he sees is called “red” and so will call out “red” when asked. In fact the vast
majority of children with CVD leave primary school without realising, and a staggering 50%
leave secondary school in a similar state of ignorance. Even if they are capable of many tasks,
those tasks may be much more difficult than for someone with normal vision, or even
impossible. There are many tales of adults who have little colour sense when it comes to
choosing clothes etc., and it is quite likely that some of these have CVD but are undiagnosed.

Two 17 year-old Dutch schoolboys were given a holiday job to pick tomatoes, but sadly
one lost his job after one morning. He hadn’t realise he was “colour blind” and did not
distinguish between green unripe, and red ripe tomatoes:

Fig.3. Green and red tomatoes as seen in normal vision (left) and with deuteranopia (right),
simulation by “vischeck” [1].

EXAMPLES IN THE SCIENCE CURRICULUM

Where colour is a factor, there may be issues for some children in a class. Remember 1 in
12 boys suffers from some form of CVD, that is one in every mixed class of 30 pupils (the
condition is much rarer in girls, 1 in 200, but nevertheless likely to be at least one in every
school). The degree of severity varies considerably child to child which make diagnosis more
difficult. However it is estimated at 25% of those with CVD have it in its severest form, i.e. a
missing cone type, whereas others may simply have a shortage in the balance of cones.

So as teachers as a first step we should watch out for students who have difficulty
identifying species, using pH and other colour tests, or identifying colours of the spectrum.
Apart from using CVD friendly colours, we could do a great service by alerting someone to a
problem they have but which goes unrecognised.

Many physics teachers in the UK recognise that the colour coding on wires was changed
several years ago to enable recognition of the different wires to be more reliably done by
everyone. The example below shows just how effective this has been:

Phase
Earth

Phase = Red Phase = Brown
Neutral = Black Neutral = Blue
Earth = Green Earth = Green/Yellow

Fig.4. Electric wiring in the UK, before and after the change (NORMAL VISION)
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Phase = Red Phase = Brown

Neutral = Black Neutral = Blue
Earth = Green Earth = Green/Yellow

Fig.5. Electric wiring before and after the change simulated for deuteranopia

It is clear how easy it would have been before the change to confuse the Phase or Live wire
with the Earth (as illustrated by Fig.6, too).

Fig.6. Wires in plugs, normal vision (left) and deuteranopia (right).

Fig.7. illustrates the difficulty experienced when reading a pH test. The diagram illustrates
a liquid as seen by a CVD student and his pH test paper to compare with the liquid. Not an
easy task... although it must be said that the majority of CVD students will have a heightened
sense of the minor differences in shading that those with normal vision may not spot.
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Fig.7. Testing for pH value, a deuteranopia student’s view

This all presents interesting challenges not just for the student but also for the teacher. How
for example should a physics teacher mark a CVD student’s description of a spectrum from a
prism, in which he/she genuinely only sees two colours. Should he mark as correct the
division into two colours, or encourage the students to mark in his book different colours even
though he/she doesn’t see them? Figures 8 and 9 illustrate this. Note that the student labels the
muddy yellow green as red... which of course some of it is!
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Fig.8. A page from a student’s notebook. Is making a student record what he doesn’t see
educational dishonesty?

Fig.9. Spectrum as seen by someone with protanopia (red blind)

Interestingly the student in Figure 8 labels what we see as dull yellow/muddy green (in
Fig.9.) as “red” presumably because he has always been taught that that colour is red.

The danger is that a teacher may diagnose the student’s difficulties as what he or she
perceives to be a silly mistake, laziness, lack of ability, lack of effort or inattentiveness rather
than offering the necessary support. Students may become frustrated, and consequently
disruptive. Teachers should therefore be alert to possible triggers — any colour confusion —
that could help them identify that a students may have CVD that can then be easily tested.

Areas which may cause problems for students with a degree of CVD:

* Reading litmus paper accurately

* Undertaking chemical titrations in practical chemistry

* Identification of metals by the colour of the flame produced when the metal is burnt
* Accurately reading stained slides under a microscope

* Carrying out dissections in biology

* Identification of species of plants or insects correctly

* Fully understanding coloured diagrams in textbooks, particularly in biology, nature
* Use of prisms in physics

*  Wiring of plugs in electricity, etc.
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HOW TO HELP STUDENTS WITH CVD
Being aware of their challenges is the first step, but also the following strategies are
helpful:

* Use Natural light

* Secondary indicators, e.g. signs on labels, or underline words

* Use yellow, blue and white for contrast in labels or charts, not green and red
* Have a sympathetic students as a Colour buddy

* Make clear boundary between colours

* Us a set of labelled pencils to indicate true colours

* Use large objects, held apart, when demonstrating if possible

* Use contrasts, e.g. red on a white background but not red and green together on a
white background

Photographs may be checked using the simulation programme “Vischeck” [1]:
http://www.vischeck.com/vischeck/vischecklmage.php

The teacher simply needs to check any photographs used against the type of CVD. An even
more useful app to help teachers see how difficult it may be is “iDaltonizer”, which enables a
teacher, on his phone, to see just what the students may see. I would recommend that all
teachers download this free app.

It does seem that companies are beginning to develop products that will aid someone with
CVD too. Spectral Edge, for example is able to help someone produce enhanced images by
EYETEC technology. These emphasis slight contrasts between the colours of different
objects.

A close friend has made with her son who suffers from protanopia, a short video which
shows how he sees the world [2],
“Colour Blind Awareness #1lineveryclassroom Rainbow Song”.

Further information can be obtained from the colour blind awareness organisation [3].
@colourblindorg (on Twitter).

I am grateful to Kathryn Albany Ward of the colour blind awareness group, who has
provided much detail for this seminar and permission for photographs.

I would be very interested to hear of science teacher’s experience in this field, either with
students who have CVD or if they themselves have this challenge.

The author also has due to be published this year (2016) two extensive articles on CVD
one in the International Journal of the Institute of Physics, Physics Education, and the other in
the European Journal Science in School (publication dates are not yet known).

REFERENCES
1. http://www.vischeck.com/vischeck/vischecklmage.php
2. http://www.youtube.com/watch?v=ISOYL3Kw&8LS&
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ABSTRACT

In a summer camp for chronically ill children, I have devised a science education program.
All programs in the camp are organised to provide a feeling of success, which positively
influences the children's self-esteem and recovery process. Thus the presented programs are
planned to focus on playfulness, experiential activity, creativity and personal revelation.
Considering the time and financial constraints, I compiled experiments and activities mainly
in the field of hydrodynamics and electricity. I designed specific programs for smaller
children and teenagers and trained the volunteers to mentor the programs. I present the
structure of the programs, and with the help of some examples show how I built playfulness and
creativity into them.

INTRODUCTION

Bator Téabor, a summer camp, is a member of the Serious Fun Children's Network that was
founded more than 25 years ago by the actor, Paul Newman [1],[2]. The international camp
association has 16 members all over the world, all of which treats children with different
chronic illnesses (cancer, diabetes 1., Chron’s diseases, juvenile idiopathic arthritis,
haemophilia, muscular dystrophy, etc.) by a method called therapeutic recreation. Bator Tabor
is the regional therapeutic recreation centre for Central European children, and thus its
invigorating adventures are available for Hungarian, Slovakian, Czech and Polish children.

Fig.1. Mosaic of life in Bator Tabor
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The camp is situated 60km northeast of Budapest, next to a town called Hatvan, in
Hungary. Every building and facility had been constructed to meet the needs of children with
serious illness. Up to 70 children can sleep in the cottages, and the dining hall can seat 160
guests. The volunteer's cottages can host up to 66 people, with medical attendance backed up
by a friendly and well-equipped medical building. The camp facility includes a high-ropes
course, a rowing lake, an archery field, a horse-riding hall, a sports hall, etc., which together
provide an excellent basis for the recreation therapy (Fig.1). The camp hosts about 1000
campers per year: one-week sessions for children aged 7 to 18 in summer, long-weekends for
smaller children with their families in autumn and sessions for the ill children together with
their siblings in spring. Camp-life is intense, colourful and well organised, and at the same
time supporting by presenting new challenges and successes. The therapeutic recreation
method used in the camp has some key elements that we use through the sessions: Children
experience a positive, receptive social environment which helps them in fitting into their
groups, making friends and developing connections with the volunteers. The camp programs
are designed to adapt challenges to the children's personal abilities, thus all of them attain
personal success. Volunteers continuously give verbal and non-verbal, positive and
trustworthy feedbacks for the real successes. Furthermore, they reinforce and enhance the
cooperative attitude of campers with specific games and activities. Since these children
usually have a negative self-image because of their illness, it is important to mark them with
positive labels to counterbalance this and to strengthen their self-confidence. Scientific
investigations confirmed the significant positive effect of these camps [3], although long-term
follow-up studies are still missing [4].

THE RENEWED “MAGIC WOOD” PROGRAM

Among the other programs there is a so-called ,,Magic Wood” thematic program in Bator
Tabor. The program is situated in a woody part of the camp, and this is where its name comes
from. Earlier, this program focused on cooperative games and experiences connected to
nature. Since this program seemed to be less attractive for the children, the management of
the camp asked me last year to work out a new program, where science is in the centre of the
activities. For the program development I had to take into account the following circumstances:
(1) There are sessions for children aged 8 to 13 (children cohort) and aged 14 to 18 (teenagers)
in the camp. (All campers attend school but most of them had to skip it for shorter or longer
periods.) (ii) Three different programs were needed for both children and teenage cohorts, two
of them had to be 80 minutes and one of them had to be 160 minutes long. (iii) The programs
are visited by children with limited moving abilities, and they have to be completely safe (iv).
Only about 5 hours are available to train the volunteers (with different backgrounds) to be
expert instructors in these programs in the summer camps. (v) The foundation pledged about
350 EUR (100.000 HUF) for the innovation, and this amount of money had to cover all the
materials and accessories we needed for the new programs. Knowing these constraints, |
decided to develop programs based mainly on physical experiments, supplemented with
brainteasers and new cooperative games. Biological experiments I had to exclude because of
their longer timescale and because of financial reasons. Similarly, chemical experiments are
generally more expensive than physical ones, and sometimes are not sufficiently safe for a camp
like this. As I will show later, some applied activities and experiments have biological or
chemical basis as well, but these are the exceptions.

The selected physical experiments can be classified into two groups, they are either
experiments studying complex systems, or they are experimental systems based on simple
physical laws, which behave spectacularly or counterintuitively (Table 1.)
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Table 1. The applied physical experiments. References denote videos which present the
experiments in detail.

Complex systems

Spectacular experiments

magnetic chaotic pendulum [5]

Colouring milk using detergent [6]

(in simple and rotating tank) [7]

Convection of warm and cold water

“Take the coin on dry” [8]

Instability of warmer salty water

Carthesian diver [10]

(fingering) [9]
Tornado bottles [11]

Lava lamp [12]

Further, I intended to offer the campers the opportunity to meet physical laws in action,
hence I looked for activities where they can build or hack toys or instruments based on
physics or chemical physics (Table 2.).

Table 2. Activities based on physical laws. References denote videos which present these
activities in detail.

Mechanics
Making paper rocket [14]
Making rubber band helicopter [16]
Moving boat by Marangoni effect [18]

Electricity
Making homo-polar motor [13]
Making Faraday train [15]
Making lemon and soil batteries [17]

PROGRAM STRUCTURE, EXAMPLES

Every program is managed by two trained volunteers (a program leader and an assistant),
and there are 2-4 additional volunteers present to motivate and support the children and help
them if it is necessary. All programs have a background story that everybody is part of: the
dressed program leader, the assistant, and the children as well. Thus the program is placed
into a funny and motivating context. Every program sta