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ABSTRACT

Recent changes in the scholastic system in Poland, i.e cutting the secondary upper school from 4 to 3 years, show
how such "reforms" can influence in a non-desired way teaching curricula, in particularly in exact and sequential
sciences like Physics. As far as the basis, i.e. Newton’s laws remained unchanged, the most dramatic cuts touched
more advanced courses, like Electromagnetism. Some textbooks treat this subject in a very formal way,
introducing vector algebra and integrals, other are much detailed in graphical explanations. In some books the
whole magnetism is treated as a kind of “apparent phenomenon”, using Einstein’s special relativity theory and
shrinkage of electrical charges in movement, with no mentioning magnets, electromagnets, Faraday’s induction
law and so on. We try to numerate "the minimum" notions — necessary steps which can not be removed if a
secondary school curricula on electromagnetism should remain a valid didactical unit.
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POLISH STANDARDS IN PHYSICS EDUCATION FOR SECONDARY UPPER SCHOOLS

The Polish education standards in Physics for the secondary upper school, issued by the Ministry of
Education describes as the contents of teaching the following issues: Interactions in the nature, Type of
interactions in micro and macroworld, Fields of forces and their influence on the motion.

In the process of teaching Physics in the secondary upper school the teachers have to relate strictly the

new contents to the knowledge already acquired by pupils in the gymnasium. It is absolutely necessary,

because the students learn Physics only four hours over the whole lyceum cycle. The standards in

Physics education list, for example, the following student achievements:

1. The observations and descriptions of Physics and Astronomy phenomena.

2. Planning and demonstrations of Physics experiments and simple astronomical observations, writing
and analyzing the results.

3. Plotting and interpreting graphs.

4. Adaptation of Physics knowledge to explaining the functioning of technical devices and machines.

To get these achievements it is necessary to do many experiments during the physics lessons. The best

way is if the students prepare everything alone or with help of teacher and then present the experiments.

SHORT REVIEW OF POLISH TEXTBOOK FOR PHYSICS IN UPPER SECONDARY
SCHOOL

International comparative studies, like PISA place Polish pupils in upper - middle class in mathematical
and science abilities. In spite of this, only 4% of lyceum students choose physics for the maturity exam



and in common judgment, the level of students entering science faculties is simply disastrous, with
significant gaps in reasoning and conceptual reasoning. Intense courses of basic mathematics and
physics for university matriculates become a common practice in Poland.

Similar situation were noticed previously in Dutch educational practice with students well performing
in PISA and TIMMS tests but failing in implementing curricula requirements (Kuiper, Boersma and van
der Akker, 2005). The authors conclude that this bivalency comes from too restrictive understanding
curricula as 1) contents to be taught and learned and 2) goals and objectives to be achieved. Van der
Akker points out that a more correct understanding of curricula should include also, among others, well
defined teacher role, students activities, material and resources for teaching and learning, time
allocation and so on (van der Akker, 2003). Here below we compare how these requirements are faced

by some Polish textbooks. However, first fix some standards, from other EU textbooks.

In German and Belgium textbooks we can find the information what is magnet, what is magnetic field,
description of natural magnetic phenomena and technical applications of magnets. There are many color
photos, schemes and pictures very useful for students.

Elektrische und magnetische Felder
432 Das magnetische Feld
Magnete und ihre Wirkungen

Magnete sind Kérper, die andere Kérper aus Eisen, Nickel oder Ko-
balt anziehen.

Kérper, die diese magnetische Eigenschaft auf Dauer oder Gber sehr
lange Zeit besitzen, nennt man oder

Dauermagnete bestehen ebenfalls aus Eisen, Nickel oder Kobalt. Sie
kénnen verschiedene Formen haben

Dauermagnete unterschiedlicher | Unmagnetisiertes (a) und magne-

Form tisiertes (b) Eisen im Modell

Kérper, die von Magneten angezogen werden, sind auch selbst
magnetisierbar.

Diese Eigenschaft von Stoffen aus Eisen, Nickel und Kobalt, den ferro-
magnetischen Stoffen, ergibt sich aus ihrem Aufbau. Magnetisierbare
Stoffe bestehen aus winzigen Bereichen, von denen sich jeder wie ein
kleiner Magnet verhalt. Im unmagnetisierten Zustand sind diese Elemen-
tarmagnete véllig ungeordnet. Der Kérper ist nach auBen hin unmagne-
tisch. Unter dem Einfluss eines Magneten kénnen sich diese Elementar-
magnete ausrichten. Der Kérper wird selbst magnetisch.

Die Ausrichtung der Elementarmagnete geht verloren, wenn man einen
Magneten zu stark erhitzt oder starken Erschatterungen aussetzt. Lassen
sich in einem Stoff die Elementarmagnete leicht ausrichten, so bezeich-
net man diesen Stoff als magnetisch weich. Stoffe, bei denen die Aus-
richtung der Elementarmagnete nur unter dem Einfluss starker Magnete
erfolgt und lange Zeit erhalten bleibt, bezeichnet man als magnetisch
hart. Aus solchen Stoffen stellt man Permanentmagnete her.

Zwischen wirken anzi oder Krafte. Diese
Krafte sind nicht Gberall gleich, sondern zwischen den Polen der Mag-
nete am gréBten.

Jeder Magnet hat zwei Pole, den Nordpol und den Siidpol.

Auch wenn man einen Magneten zerteilt, hat jeder Teil wieder zwei
Pole, einen Nordpol und einen Sudpol.

Figure 1.
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L)
Permanentmagnete
werden heute vor al-
lem aus Legierungen
und Oxidwerkstoffen
(Barium- und Eisen-
oxid) hergestellt.

L)
ferro” kommt von
der lateinischen Be-
zeichnung . Ferrum”
far Eisen. Das chemi-
sche Zeichen fur Eisen
ist deshalb auch Fe.

1
Oberhalb einer be-
stimmten stoffabhan-
gigen Temperatur
geht die Ausrichtung
der Elementarmag-
nete durch die ther-
mische Bewegung
der Gitterbausteine
verloren.

)
Magnetpole treten
immer paarweise auf.
Einzelne Magnetpole
gibt es in der Natur
nicht.

The review of German textbook (Meyer, Schmidt, 2005).

Elektrizitatslehre

Gleiche Magnetpole stoBen sich
ab.
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Ungleiche Magnetpole ziehen
sich an.
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Die magnetische Kraftwirkung
kann durch andere Korper hin-
durchgehen. Nur Kdrper aus Eisen,
Nickel und Kobalt, also aus ferro-
magnetischen Stoffen, kénnen die
magnetische Kraftwirkung und
damit das magnetische Feld ab-
schirmen.

Besonders gut zur magnetischen
Abschirmung eignen sich Kérper
aus weichmagnetischen Stoffen,
2.B. aus Weicheisen.

Magnetische Felder und ihre Darstellung

Im Raum um Magnete wirken auf andere Magnete bzw. auf Kérper aus
ferromagnetischen Stoffen Krafte. Im Raum um Magnete existiert ein

magnetisches Feld.

Ein magnetisches Feld ist der Zustand des Raumes um Magnete, in
dem auf andere Magnete bzw. Kérper aus ferromagnetischen Stof-

fen Krafte ausgeibt werden.

Magnetische Felder kdnnen ebenfalls mithilfe von Feldlinienbildern dar
gestellt werden (7 S. 203). Ein Feldlinienbild als Modell des magneti
schen Feldes macht Aussagen aber die Krafte auf Probekorper (z. B

Kleine . Dabei gelten
der elektrischer Felder (* 5. 203).

gen wie far -

—— = =
Feld eines Stabmagneten

Magnetfeld der Erde |

Bl Das Magnetfeld der Erde ist die
mit einem Kompass auf der Erde
del ist ein kleiner Dauermagnet,
chend der Feldlinien ausrichtet.

Die Starke des magnetischen Feldes

durch die magnetische Feldstirke b

GroBe der Kraft auf einen magnetisd

Punkt befindet, zugrunde gelegt

Die magnetische Feldstarke an eir
Kraft auf einen magnetischen Prot
des ist.

Formelzeichen:  H

Einheit: 1 Ampere je M¢

Beim Verschieben eines Probekorper
Arbeit verrichtet. Dazu muss Energie
nische Arbeit umgewandelt werden.

Ein magnetisches Feld besitzt mag|

Elektromagnetismus

Im Raum um stromdurchflossene
Leiter wirken ebenfalls Krafte auf
magnetische Probekérper. Jeder
elektrische Leiter ist bei Stromfluss
von einem Magnetfeld umgeben.
Besonders stark ist das magneti
sche Feld, wenn ein Leiter als Spule
aufgewickelt ist und einen Eisen-
kern enthalt. Man nennt eine sol-
che stromdurchflossene Spule mit
Eisenkern auch Elektromagnet.



ﬂ LES AIMANTS

1.1. Des roches magnétiques

es plus reculés, les hommes ont remargué que cer-

Soptk de s L0, g 1),

1.2. Un instrument utile :
Fig. 1. Fragment de pierre magnétique la boussole

Les picrres « magnétiques » poss
Sorenter, elles prennent tou
auteurs, deux s
noméne pou

(6. 2).
e mobile sur un pivot
nnent d'un lent perfec-

1.3. Les aimants artificiels

De nos jours, les aimants artificiels sont en acier ou en alliages et ils
ont des formes variées (fig. 3) : barreau droit, aimant en U, aiguille
aimantée

Fig. 2. Une boussole ancienne (Chine)

1.4. Pole nord, pole sud

d'un aimant ne sont pas identiques ; on distingue le pole
e sud. Deux poles de méme nom se repoussent, alors que
deux poles de noms différents Sattirent.

o T est impossible d'isoler le pole nord du pale sud d'un aimant
En cffer, chaque fragment obtenu aprés avoir brisé un aimant cn
deux se comporte comme un nouvel aimant possédant un péle nord
et un pale sud (fig. 4).

Fig. 3. Quelques aimants artificiels bipo-
laires.

Fig. 4. Cx)
nouvel aim

¢ : chaque fragment se comporte comme un

B Partie 3 - flectrodynamique

NOTION DE CHAMP
MAGNETIQUE

2.1. Action sur une aiguille aimantée

her successivement de

Thigutie un aimant mg - 5 s

un circuit parcouru

Courant : Bl ou bovine (. 5b).
® Renouveler I'expérience en

versant les pales de Faiman, le Fig.5a. Action d'un aiman t : Vaiquile Fig. Sb. Action d'un courant électrique.

sens du courant, la forme de change de direction.

Paimant.

Observations » T aiguille aimantée indique spontanément le nord
Torientation quand on approc rant

T w
> . g e hol pi 2 ¢ (fig. 5b).
/r aimant Sa nouvelle orientation kpnm! de nombreux curs :
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= 7|\) sition du circ

e prise par 1a petite aiguille
ification des ,»mpnm magné-
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Interprétation & |
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tiques au point de L'esp

esp des aimants et des circuits électriques parcourus par
des courants & des propriérés magnétiues particulitres qui peuvent
étre détectées par une aiguille aimantée.

2.2. L'espace champ magnétique

expéerience
® Placer au voisinage d'un i!mar\l
plusicurs petites aiguille:
aimantées mobiles iulDur d’'un axe
fixe vertical (fig. &),
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Fig. 6. Quelques aiguilles aimantées dispo

Chapitre 13 -

Figure 2. The review of Belgium textbook (Tomasino, Chappuis, Meur, Montangerand, Parent, 2001).

Now, let us present a typical Polish textbook for Physics, which is very often used in upper secondary
school (Fialkowska, Fialkowski, Sagnowska, 2004). The subject of the lesson is macroscopic
electromagnetic interactions. At the beginning the theoretical repetition from gymnasium is presented
and a short description of Oersted’s experiment with the explanation.

Then the author of the book discusses the case a coil and the shape of magnetic field lines inside and
outside the coil. The magnetic field is similar to that from a bar magnet, and there are magnetic poles at
the ends of the coil. Students should know where the North magnetic pole is using the right-hand grip
rule learned in gymnasium a few years ago. Next we can read about what an electromagnet is and where
it is applied in technics, what electrodynamic force is and how to use Fleming’s left-handle rule. All this
is summarized on two pages. The book shows schemes but not real examples or photos.



Rozdziat 2  Oddziatywania w przyrodzie Oddziatywania w przyrodzie =~ Rozdziat 2

2.5.2. P! iatywania elekti yczne ]
bieguny magnetyczne zwojnicy mozna wyznaczyC
ze znanych ci z gimnazjum regut ,prawej reki”.
Sposéb postepowania w kazdym przypadku ilus-
truja rysunki 2.26 i 2.27.

Pole magnetyczne kazdego przewodnika z pra-

Réwnie dawno jak zjawiska elektrostatyczne znane byly zjawiska mag-

netyczne — przycigganie opitkow zelaza przez kawatki rudy (wydobywanej w Azji dem jest tym silniejsze, im wieksze jest nate-
Mniejszej w okolicy miasta Magnesia, od ktérego pochodzi nazwa zjawiska). zenie pradu, ktory ptynie przez przewodnik, a w
Juz we wczesnym $redniowieczu ustalono, ze zjawiska elektrostatyczne zwojnicy dodatkowo, im wieksza jest liczba zwo-
i magnetyczne sg ,roztaczne” — bursztyn nie przyciagat zelaza, a ruda skrawkéw jow. Pole magnetyczne zwojnicy staje si¢ jeszcze
materii. Do XIX wieku wydawato sie, ze elektrycznosc¢ i magnetyzm to dwa nie silniejsze, gdy wtozymy do niej zelazny rdzen. Tak
zwiazane ze soba typy oddziatywan. skonstruowane elektromagnesy sa powszechnie
Zmiane tego pogladu przyniosty doSwiadczenia duriskiego fizyka Hansa uzywane w technice, od prostych dzwonkéw elek-
Christi; O i i i fizyka Michata Faradaya. Pierwszy z nich trycznych, gtosnikow i przetacznikéw do potez-
stwierdzit w 1820 roku, ze prad ptynacy przez przewodnik wytwarza pole mag- Rys. 2.26 nych dZzwigéw przenoszacych zelazo w hutach.

netyczne. Drugi, jedenascie lat p6Zniej wykazat, ze zmiany tego pola powoduja
przeptyw pradu elektrycznego.

Przypomnijmy krotko te stawne doswiadczenia i wnioski, ktére z nich
wyciagnieto. Wiemy, ze namagnesowana igta ustawia sie w kierunku wyzna-
czonym przez pole magnetyczne Ziemi: jeden jej koniec wskazuje potnoc, a dru-
gi potudnie. Co sie stanie, gdy nad igta zamocujemy réwnolegle do niej prosty
przew6d miedziany? Jesli prad przez przewdd nie ptynie (rys. 2.24), nic sie nie
zmieni, bo miedZ nie oddziatuje z igta magnetyczna (w przeciwienstwie do ze-
laza lub niklu). Jesli jednak korice przewodu potaczymy z biegunami baterii

i przez przewdd poptynie prad, tak jak w doswiadczeniu Oersteda, igta wychyli Rys. 2.27
sigi(ryss2:25)1 Skoro przewodnik z pragdem dziata na magnes, jakim jest igta magnetyczna,
e to zgodnie z trzecia zasada dynamiki na przewodnik z pradem znajdujacy sie
| z C si taina-
— - 1 w polu magnetycznym takze powinna dziatac sita. Istotnie, sita taka dzia
| | | / -3 | zywa sie sita elektrodynamiczna (rys. 2.28). Kierunek sity elektrodynamicznej
M' > p » | jest prostopadty do linii pola magnetycznego i do przewodnika, a zwrot zalezy
| [ -
Rys. 2.24 Rys. 2.25 i i\
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2.5.2. P! iatywania elekti yczne .
bieguny magnetyczne zwojnicy mozna wyznaczyé
ze znanych ci z gimnazjum regut ,prawej reki”.
Sposéb postepowania w kazdym przypadku ilus-
e truja rysunki 2.26 i 2.27.
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Fig. 3. The sequence on magnetic interaction from one recent Polish textbook.

Another example is even worse: the magnetism is reduced to the Einstein’s reactivity idea. This is
scientifically correct, but little appealing to the practical experience of pupils.

Fig. 4. The scheme on magnetism (Einstein’s interpretation) from another Polish textbook (Chyla,Warczak, 2003).

A similar approach on teaching magnetism was presented, among others (Galili, Tseitlin, 2003). They
made Maxwell equations the nucleus contents of teaching and Lorentz force the only interaction
between the charge and the field. Again, this approach is scientifically correct, follows the lectures of
Feynman and the book of Einstein and Infeld, gives a new insight into physics on the university level,
but we find it highly unpedagogical at the early stage of school teaching. The Lorentz force, we agree,
come from the relativistic contraction, but two macroscopic magnets interact also, and quite visibly!

The general impression is that in typical Polish textbook we can find much theory and not enough
experimental Physics, which is very important in 21st century. The textbook does not discuss the
interaction between magnets and treats immediately the interactions between currents and magnets.
Obviously, the equivalence between currents and magnets is scientifically correct, but from the
didactical point of view two phenomena are introduced at once. The traditional way of teaching:
interaction between two magnets (Gilbert 1600) — the current influences the magnetic needle



(Romagnosi 1802, Oersted 1817) — the current generates the field — two currents interact (Ampere) is
much more appropriate.

Taking this into account and working in European project MOSEM “Minds-On experimental
equipment kits in Superconductivity and ElectroMagnetism for the continuing vocational training of
upper secondary school physics teachers” (http://www.mosem.no) we propose to change the Polish
secondary school curricula on electromagnetism.

NECESSARY STEPS IN A SECONDARY SCHOOL CURRICULA ON ELECTROMAG-
NETISM

Models and analogies are essential to the teaching of electromagnetism, because in this conceptual area
some phenomena cannot be observed directly, but only the consequences of these phenomena can
(Michelini, Mossenta, Testa, Viola, Testa, 2007). Based on classroom experience, which reflected
students’ difficulties with the understanding of particular electromagnetism concepts, when presented in
the traditional way, we first planned the selected topics in secondary school curricula on
electromagnetism. We propose to use the active and effective methods of teaching, in which simple
experiments on magnetism and superconductivity can be introduced at a secondary school level, in a
European dimension. The set of experiments is a result of the exchange of ideas within “Supercomet 2”
and MOSEM Leonardo da Vinci EU projects.

The MOSEM project offers participating schools and teachers a collection of simple, thought-provoking
(minds-on) physics experiments. Electronic and printed support materials use text, videos and
animations to raise the user’s curiosity. Investigating the encountered phenomenon and doing own
research with the provided materials and other sources is expected to improve motivation and learning.

The SUPERCOMET CD (Superconductivity Multimedia Educational Tool, online.supercomet.no)
consists of six modules. The list of developed modules is as follows:

X . e
W‘hat-Js supermnductivrt.v good for? vehia are thie peopla bahing
- It is good for the environment superconductors?
and for your health '

Applications of Superconducti...

History of superconducti... J

L J

What is'ﬂ‘ie science behind ¥ ] What are superconductors
superconductivity? : e made of?

l Electromagnetic Induction J ] L S'upercqndu:ﬁng matetials J

Can we work with superconductors in

What is the science behind school? )

supereanduﬁtiujj'_y.? - Yes, you can even make your own
superconductor!

Magnetism Activities with superconductors |

Fig. 5. The main menu of SUPERCOMET CD.



List of key experiments in MOSEM proposal:

1. Cartesius experiments with floating magnets.

Fig. 6. The floating magnets in Cartesius experiment (Descartes,

2001).
2. Interaction of magnets.
'
: F,
— |
Fig. 7. Interaction of 5 magnets on a stick. Fig. 8. Interaction of 2 magnets in a plexi tube.

Line forces.

Compass as indicator of line forces.

Current as the source of magnetic interaction (Oersted experiment).
Forces on currents (Pohl’s experiment).

EM engines.

Induction with moving magnets.

Induction with rotating coils — AC current generators.

A S R

The materials comprise a teacher seminar with hands-on activities combined with the use of interactive
animations, text and video presenting electromagnetism and superconductivity with an accompanying
teacher guide. The materials are translated/adapted and tried out at schools in 15 European countries.

CONCLUSIONS

Combining hands-on investigative experiments with critical questioning, interactive animations, videos
and theoretical explanations allows for minds-on learning of electromagnetism and superconductivity at
the level of upper secondary school. The real experiments are very useful for pupils in secondary
school. This contribution compares learning outcomes of real or computer aided experiments with
outcomes of animations and simulations about electricity and magnetism and electrical conductivity
(Konicek, Mechlova, 2006).

In conclusion, present construction of curricula in Poland persists in reductive understanding of them as
“students should know”, “student should be able”, without giving the material means for teaching and
education pathways.



Finally, this study gives also another national insight into the discussion if the curricula should be “top-
down”, i.e. imposed by experts or “bottom-up”, created from the practice of best teachers (Galili,
Tseitlin, 2003). The present disastrous situation in teaching Physics in Poland is largely caused by an
excessive “bottom-up” scenarios, in which every single editor can register its own curriculum as
approved for the national level. This makes difficult to find “a common denominator” for student
entering university and creates significant difficulties at the university level. However, as shown by the
most recent (June 2008) practice from the Polish Ministry of Education (MEN), this is again not the
case — the new platform (http://www1.reformaprogramowa.men.gov.pl) is completely abstract, even if
in theory prepared by experts. In gymnasium no electromagnetic induction is taught, in the lyceum — no
electromagnetism at all!
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