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Motivation

 Hardly, (young) people can survive a day without a cell-
phone

 Internet, for the first time in human history made the 
information pan-available

 But human perception is not only visual and/or intellectual

 It is also manipulative: combining seeing, thinking and 
manoeuvring

 Try to give a simple ball to a child that plays only with cell-
phone: he/ she will get simply crazy of happiness

 This is the idea behind the neo-realism

 In times of the virtual reality – bring real, touchable objects



Plan: four simple impementations

 Physics and Toys: small is great! (Słupsk, Warsaw,
1998)

 Teaching with no space: „Going downhill” - a 
didactical tunnel UMK 2007

 Itinerating exhibition „Fiat Lux! – playing with light 
(2008-2012) 20 issues

 Interactive lectures for children/ students/ PhDs



A. Niewińska: Polska sieć groźna dla dzieci. 
„Rzeczpospolita” 8.02.2010

A. Niewińska: Polska sieć groźna dla dzieci. 
„Rzeczpospolita” 8.02.2010

J. Morbitzer, Edukacja – Kultura – Media, WNP UMK 2011

Children in age 6-17 using internet (2009) 



Hyper-inflation of information



Virtual worlds ↔ real worlds
(Rosmini Liceum from Trento in Toruń)



Virtual worlds ↔ real worlds
(Rosmini Liceum from Trento in Toruń)



Virtual worlds ↔ real worlds
(Rosmini Liceum from Trento in Toruń)

Looking onto stars during „full” day, Piwnice



Physics and Toys: small is beautiful

 Vittorio Zanetti (Trento University, Italy, 1992)

 GK (and co-workers) Pomeranian Academy, Słupsk 1998

14,000 visitors

in two weeks

44 „portable” objects in physics, astronomy, chemistry

dydaktyka.fizyka.umk.pl/zabawki/files/archiv/Bialystok/karwasz.html



14,000 visitors: this inititiative was 
really expected (by the society)



Half a sentence „problem posing”

As many hits, so many jumps

Busy woodpecker walks & hits

But this is a hidden message:

• In Newton’s cradle one has to solve p=const & E=const

in many bodies central collisions

• The interplay between energy transformations: potential,

kinetic, elastic, friction



Half a sentence „problem posing”

The energy does not disappear

How high should the acrobat start?

But this is hidden message:
- In rolling down one has to calculate the translational

kinetic energy and rotational kinetic energy

- This is like a free-fall, but the acceleration is much lower

• In the highest point the centrifugal force should be bigger

than the weight



Collection of ‘every-day’ objects:
http://dydaktyka.fizyka.umk.pl/zabawki/



1.1. Sense of equilibrium



Only real objects: 
no picture taken from internet

Own construction from 2 forks

Additional object

with the same idea



One, long description



, also with mathematical details

E=const, p=const

How one can solve it?

by guessing



Three functions of the lesson/ object/ message



Who wants, can look at the exact solution

or V1=v1 (no collision at all)



1999: invitation to Polish Society Congress

A new target group: scientists

Diffusion by involvement of local secondary schools



Triggering interest via paradox:
non-conservation laws



Teaching via astonishment

 The conservation of energy, momentum, angular
momentum

 the law of static friction

 the notion of the baricentre

are posed in the deepest part of the brain

https://post.healthline.com/wp-content/uploads/2019/10/

1296x728_BODY_When_Do_Babies_Start_Walking-holdingparentshandwalking2-1296x728.jpg



„Gravitational” funnel: orbits

One can show circular. elliptic, hyperbolic orbits. 

Fun



„Gravitational” funnel: III Kepler law

Listening the ball falling into center illustrates III law 

Didactics



„Gravitational” funnel: II Kepler law

Ellipse equation in polar coordinates

University didactics



Research function: 
non-gravitational funnels

Ability to observe and capture objects that can trigger didactical
interest.

Why orbits are open? Because only for 1/r and r2 potentials 

the Hamiltonian commutates with the angular momentum operator.



Physics in funnels GIREP - Slovakia



Physics in funnels

From a simple, funny object –

to general relativity and quark’s confinements



Resuming
 Physics and Toys were, in 1998 in Poland a real 

didactical revolution
 A success that exceeded any expectations
 Infinite number of exhibitions (and copies) in 

middle-size town
 Objects almost at every university didactical lab
 Diploma thesis at almost every university
 Interactive exhibition in Szczecin, Gdańsk, 

Gdynia, Łódź, Warszawa, Toruń, Bydgoszcz etc. 
 Kopernik Science Center, Warsaw, *2011: 1mln 

visitors in the first year
 No country with such a success
 Started from 44 objects brought in ‘ford blue car’

from Trento

Thanks to all these (wanted and unwanted) collaborations!
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EU Science and Society 02702 „Physics is Fun”
Physics in Toys (2004)

© Eryk Rajch & Physics is Fun Consortium



Physics in Toys: some didactical systematics

Rising difficulty principle: step by step by step



Rising difficulty: 
2x3 phrase description

Catching

attention

1 bit of new information

Fixing the notions by joke



Rising difficulty:
appearance separated from explanation

GK, PTF Gdańsk,  2003: „Physics as qualitative science”

a scheme a paradox

(Turin)

a „toy”

More examples

also from life



Further exploring of the subject:
vertical up

Continous

distribution of mass

Stable and unstable

equilibrium

Japanese deity

dydaktyka.fizyka.umk.pl/zabawki1/files/mech/kiwaczek_big-en.html

More on equilibrium:

hanger for coat

Laboratory of didactics

Much more: 

momentum of inertia

(sorry, end of jokes)



Further exploring: horizontal (etiudes)

Find what is different in physical functioning of these objects:

define a possible new category (i.e. mathematics)!



Further exploring: different places, different sectors

Standsted airport Gdańsk 2003                      Berlin „Spectrum”

Find around you how you can illustrate the idea you have in mind



What can I show else with this object?
What can I add else to this idea?

Munchen Science Center shop     PAP Słupsk     © A. Krzysztofowicz

Newspaper kiosk going to Prague airport Trento Uni workshop

„Why tiger can not catch the chicken: because has feet from lead”



Going deeply into scientific function:
Math lab @ „La Villette” Science Center

Multimedia: kitchen funnel / computer modelling / Bielorussia folk art



Physics and Toys – in virtual space
Great success thanks to „open source”

About 250,000 hits every year



2,5 mln hits from 2009: 
„zabawki”, „doświadczenia” = 30%



Gdańsk PTF (2003): towards diversity



Exhibition for teachers

Front and backside descriptions

Some simple experimental material (wires, nails, tubes) 

was given to teachers



Exhibition for teachers

moment of inertia, rotational energy, impulse



205 years of Volta pile

School experiments, in thematic nests:

„you can repeat it in your school”

Electricity sources



Short biographies
(UMK: biographic method)

Prepared individually by undergraduate students

(= individual involvement, group collaboration)



Biographies, as „excuse” to introduce 
the history of electricity & Maxwell laws

Attention: a small corrections to Ampere’s law



Exhibition on Modern Physics (GD 2003)

Posters, objects, ideas



Exhibition on Modern Physics

 History

 Pieces of reasearch

 Posters

 Experiments

 Models, visualisations, model experiments

London Science Museum, 2003: Mass spectroscopy, CO2 laser



Exhibition on Modern Physics

 History

 Pieces of research

 Posters

 Experiments

 Models, visualisations, model experiments



Exhibition on Modern Physics

 History

 Pieces of reasearch

 Posters

 Experiments

 Models, visualisations, model experiments

Three steps in Bose-Einstein condensation



Show everything you can
 Atom:

Doświadczenia Perrina:

 Sedymentacja - model: zawiesina mikrokrystalicznego kwarcu (pomiar liczby
Avogadra)

 Dyfuzja kropli kwasu oleinowego na powierzchni wody (pomiar średnicy atomu) 

 Ruchy Browna (kropla tuszu z drukarki komputerowej w wodzie)

 Elektron:

 Kawalek bursztynu (elektrostatyka)

 Doświadczenie Ramsauera (transmisja elektronów w lampie elektronowej z Xe) 

 Rurki Crooksa [PAP]

 pomiar e/m w polu magnetycznym (PASCO)

 Komora pomiaru dryfu elektronów przy niskcih energiach (doświadczenie
Townsenda) [courtesy dr. J. Mechlińska-Drewko ]

 Mechanika kwantowa:

 Pudło Plancka (temperatura "pola promieniowania")

Mechanika falowa:

 Fale na linie

 Fala stojąca w misce z wodą [Educational Innovations inc.]



Internet mirror

http://dydaktyka.fizyka.umk.pl/Wystawy_archiwum/z_omegi/index-en.html



Internet mirror



Neo-realism in Modern Physics

GK ↔ Einstein: 
Everything that can be shown should be shown, and even more.

Thank you for this part
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Going downhill, or everything on the
inclined plane of Galileo

 Identify the didactical node

 Collect objects

 Project the didactical path

https://www.youtube.com/watch?app=desktop&v=S54We3NRi9Y

v = at



„Z górki na pazurki”

Use the richness of expressivity in your mother language



„Going downhill, i.e. everything on the
inclined plane of Galileo



Didactical tunnel: Going donwhill

 Why do objects fall? Because of gravitation (=heaviness)? 

 And why do they jump, slide down, roll-down? 

 Also gravitation? Maybe it is more complicated. 

 How can we distinguish a uniform motions from uniformly
accelerated? 

 And how do objects accelerate? And with friction – do they also 
accelerate?

 Answers to all these questions – from school and home – gives
the exhibition „Going downhill”



Precisely organized, step-by-step
exploring the subject

Going down, by steps Going down, but rolling   Going up, but jumping



Second-level explanations

Make competition!



Three functions: fun, didactics, science



Explore all aspects of the uniformly 
accelerated motion

Ep (final) = Ek (initial) Ep (initial) = Q (final)v(t) = at



Going downhill: first implementation



„Going downhill”
(outside Toruń)

UniKids, Brzeg, XI 2010

1. Keep the audience in attention >50 min

2. Make listeners really participate

3. Stimulate curiosity

4. Adapt the narration (and object) to the audience



Didactical outcome

Photo Scheme Idea (vectors)    Understanding



Pedagogical „by-products”

Individual decision-making

Individual responsability

Individual visibility

In-dividual personality

Brzeg, Xi 2010



Dzierzgowo, small village somewhere
in Poland

XI 2011

„A movable feast”

Experiment is quantitative

Make experiments personal

Involve teachers



Individual roles

Self-division of tasks

Group collaboration

Solidarity of the class

Social „by-products”

Can you say something on these objects?



Individual roles

Self-division of tasks

Group collaboration

Solidarity of the class

Social „by-products”



Individual roles

Self-division of tasks

Group collaboration

Solidarity of the class

8. Social „by-products”



Learning is joyful (emotional)

„Everything plays” – Lublin, 2011



Learning is joyful (emotional)

„Going downhill”



Learning is joyful (emotional)

„Jumping from Cosmos” (Felix Baumgarten) 

After 60 minutes lecture, give them simply some fun!



Free inquiring, 
autonomous answering

Division of tasks (thanks to well defined scenarios)



Free inquiring, 
autonomous answering

Again: self-explaining objects induces correct experiments



Hyper-constructivism & Neo-realism

 These two main strategies:

1) constructing the knowledge by pupils, but under 
a strict and wise control of the 

2) using all available (i.e. really existing) resources 
– objects, experiments, books, internet

we define as:

 hyper-constructivism (i.e. going beyond the 
social constructivism, in which the knowledge is 
merely discussed and socially accepted)

 neo-realism – all that what can be shown should 
be shown (illustrated, tought), must be shown, 
and even more (GK↔A. Einstein)



Hyper-constructivism: principles

 Information is pan-available

 Teaching is interactive

 Sum of individual knowledges is the starting resource

 First, that is teacher who defines implicitly the arrival goal 
(i.e. a law, a principle, a phenomenon). 

 The heurestic goal corresponds to ontological category (Kant)

 Teacher has to induce this category in the mind of student

 The arrival path is defined (case-by-case) acccording to the
knowledge of audience

 In constructing the arrival path
the teacher uses the knowledge
available in the target group
and (physics) on ad-hoc
experiments (or texts, in languages)

 Learning becomes an active
(and involving) discovery


