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Abstract

The importance of the electromagnetism as topic itself and educational framework in which learn how to
master multivariable abstract entities require the development of organic learning path for high school
students. An empirical research done in the framework of a designed based research was performed in three
different types of high schools to look at the reasoning that an organic learning path constructed on the formal
construction of abstract entities promote in the students when the idea of the flux tubes representation is
introduced as the key element in the interpretation of the magnetic field representation. The learning path,
designed with an inquired based approach, provide to students the environment in which experimentally
explore physical quantities constructing formal entities able to represent their properties. Then, the providing
of challenging context, as the explanation of the processes of electromagnetic induction, allows to investigate
how students validate and/or extend their interpretative model based on the constructed formal entities.

Introduction

Electromagnetism is one of the main topic addressed in the last years of the high schools and has an
intrinsic importance in the understanding of several everyday phenomena. Research literature widely
addressed the main learning knots related to this topic: the field representation (Guisasola et all, 1999),
the field as a superposition (Viennot & Rainson, 1992), the relation between magnetic field and electric
currents and the nature of field itself (Thong and Gunstone, 2008), the sources of field and the role of
relative motion in the electromagnetic induction (Maloney et all, 2001) and the identification of the versus
of the induced magnetic field (Bagno & Eylon, 1997) but there is a lack of proposals of organic learning
path that cover all of them.

A first attempt to face this issue was proposed by Bradamante et al. (2005) using the field lines of the
magnetic field as conceptual referent for the magnetic field representation. Looking at this particular angle
of attach, in the framework of a Design Based Research, an organic curricular proposal was developed
providing to students a specific learning path that, using inquired based tutorials, overcome the intrinsic
qualitative nature of the field lines representation proposing the operative construction of the flux tubes as
the way to construct the key conceptual referent for the exploration of the electromagnetic phenomena.
In this approach, the idea of flux is constructed not only on a formal level but also on the conceptual
plane, becoming so an operative conceptual referent which changes over time produce the phenomena
of electromagnetic induction.

In particular, to investigate the students’ reasoning promoted by the use of this learning path, the following
aspects were addressed: How did the students construct the idea of field so that it could become an organic
entity of reference (RQ1); When and how the concept of field become a conceptual referent in students’
reasoning (RQ2); What is the role of the experimental exploration in building formal interpretative models
of the electromagnetic induction (RQ3).

Methods

In the framework of a co-planning work to promote the innovation of the teaching strategies in the
Italian high school, the experimentation of the learning path was carried out by a researcher in three
high school classrooms at the presence of the school teachers. All the classes involved are grade 13th
(students are mainly 18 years old) and are selected from different types of schools to test the portability
of the learning path: one classical lyceum, one linguistic lyceum and one scientific technological lyceum.
The experimentations were held in the schools in accordance with the standard time table of the involved
classes using a total amount of 12 hours of lessons.
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The proposed learning path was structured by means of a context related approach in which particular
experimental situations are proposed as starting points of phenomenological investigations in the
framework of a gradual grow of the level of formalization for the interpretative quantities adopted. The
whole summary of the inquired learning based tutorial and the learning path are reported in detail in
Appendix A. In this paragraph will be discussed the steps of the learning path exploiting the rational on it
takes grounds.

The learning path begins with very simple situations presented as introductory activities aimed to recall
student’s everyday knowledge as regards the exploration of the simpler magnetostatic interaction
between objects. In particular, a box full of everyday objects of different types is proposed to the students
and was asked them to individuate the magnets in the box, describe the different type of interaction the
they experiencing between the objects of the box and categorize the object by the types of interactions
(activities 1-4 — Appendix A).

During these activities, as during the other ones proposed among the learning path, individual and group
works are alternated to share and compare the findings inside the class.

Then (activities 5-10 — Appendix A), the compass is introduced as an explorer of a magnetic propriety of
the space in one point that had to be explored and defined. In particular, the interaction between magnets
are explored observing the rotations induced by the magnetic interaction and the analogy between the
behaviors of the hanging magnet and the compass.

Even if the role of the representations was inserted already in a marginal way in the first ten steps of the
learning path, in the eleventh it became crucial and is strictly related to the development of the formal
representation of the physical entities involved (activity 11 — Appendix A). In particular in Activity 11.c, the
students provide spontaneously a first representation of the magnetic properties of the space in one point.
Their early representations are in all of the cases categorizable as a pictorial or a stylized representation of
the compass needle representing or not the orientation of the needle. These will be the ground on which
construct the vectorial nature of the magnetic field starting from this spontaneous versorial one.

But first, the representation by means field lines is presented to pupils overlapping the field lines
representation to their versorial representation and discussing the validity and the pro and contra of both
ones (Activity 11.d-12 — Appendix A).

In activity 13 was addressed in particular the limits of the versorial representation highlighting
experimentally how this first formal representation is not able to describe all the characteristics of the
magnetic field highlighting the need of introducing a way to represents also the intensity of this property.
Highlighted an solved this issue of the versorial representation, the same problematic will be raised as
concern the field line representation and in particular observing that in a simple field lines representation
there is not a quantitative way to have information as concern the intensity of the magnetic field even if to
try to correlate the distance (57%) or the density (29%) of the line with the intensity of the field — the idea
that the intensity of the magnetic field is constant along a line was proposed only by few students (3%).

Following this shared expected spontaneous (and not correct) prevision, during activity 16, pupils are
encouraged to validate their prevision and measure the value of the flux of the magnetic field between
two field lines relating it to the height of the stripes bounded by the two lines. Then, looking that this
correlation does not fit directly, after a discussion on the tridimensional structure of the magnetic field,
they re-do the experiment looking for a correlation between the intensity of the magnetic field in one
point and the area of the section of the tube constructed on the stripe bounded by the line in this point.

What emerge from this exploration is that there is an inverse proportionality between the value of the
intensity of the magnetic field and the section of the tube. It means that the product between these two
guantity had a constant value for each tube, but the value of this constant varies from tube to tube. It
means that exist one way to relate the intensity with the section (and then the height) of a tube with the
intensity, but the factor of correlation is not the same for all the tubes.
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In this so is necessary a renormalization of the line to have the same value of the constant for each tube
and so connecting equal height of the tube to equal intensity of the magnetic field.

In this way is possible to insert in the field line representation a metric that allow students to do quantitative
forecast on the structure of the field around the magnet and in the same time, being the constant along
the tube, the flux of the magnetic field, it is possible to correlate quantitatively the number of tubes
crossing a surface to the flux of the magnetic field trough a surface or a circuit.

Then the learning path proceed with the explorations and analysis of different sources of magnetic field
(Activities 17 and 18) and the exploration of the Lorentz force (Activity 19). At least, the phenomena of the
electromagnetic induction is presented as an experimental exploration in which students had first to freely
explore qualitatively the phenomenology individuating the main parameter that had a role in it (Activity
20) and then study the phenomena in and explorative way (Activities 21 and 22).

Data and findings

Data were collected from the students’ writings on the inquired based personal worksheets proposed and
from the audio recording of the argumentative discussions. Here will be reported and discussed only the
data concerning the particular steps of the learning path that are related to the research questions took
into account in the introduction.

For each question the students answers are categorized and grouped in categories token in accordance
with the main categories highlighted in literature for analogues questions and in new categories that
emerged from the grouping of the data in the framework of a phenomenographic analysis of the students’
answers. In particular as concern the early phase of exploration the spectra of the possible answer is quite
spread and different from class to class.

For instance in the following graph (Figure 1) are represented the distribution of the earlier representation
used by the students in Activity 11 to represents the property of the magnetic property of the space.

Looking at the results of the MF and the TV classes (a classical lyceum and a scientific lyceum respectively),
the distribution of the data are manifestly different and they overlap only on few mainly minority categories.
In particular the MF students seems to use spontaneously more formal terms related to their scientific
instruction, while the TV students proposed more often iconography representations of the needle.
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1 with a segment [TV 30%, MFE 6%)

o with an oriented segment / arrow [TV 23%, MF 18%%)
I | with an oriented line (TV 14%, LE 0%2)

v with a segment with 2 poles [TV 8%, ME 052)

W with a line (TV 3%, BME 18%4)

VI | with an angle (TV 0%, MF 12%%)

VII | with a mathematic formula (TV 0%, MF 12%5)

VIII | with a vector (TW 0%, MF 6%)

I | NE(TV 0%, MF 12%5)

Figure 1. Distribution of the earlier representation used by the students in Activity 11
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This also persist after the performing of the activity 13 in which, even if almost all the students recognize
the necessity to use a vector as formal entity, the justification that arise from the discussion is quite
different between the two classes (Figure 2).
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I | A wector because 1 have to represent intensity, verse and direction (TV 100%, MF
24%3)
II | A vector because it result as the sum of the two magnetic field [TV 0%, ME 70%)

IIT | A wector becauss it has verse and dirsction (TV 0%, MF 632

Figure 2. Argumentation concerning the need of using a vector as a formal entity

All the TV students argue referring to the different properties that had to be represented, while the
majority of the MF students goes beyond this first level of argumentation expressing it in terms of the
principle of superposition.

As concern instead the prevision of the way in which students proposed to extract the information from
the draw of the field lines as concern the intensity of the magnetic field in each point of the paper, the
distribution of the answers is almost the same in the all classes and could be summarized as in Figure 3.
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I The intensity of the magnetic field is propertional to the distance between the lines
(34%2)

IO | The intensity of the magnetic fisld is proportional to the surface of the mbes
consirucied on the lines (23%)

I | The intensity of the magnetic field i= proportional to the square of the distance
betomen the lines (1132)

IV [NR(11%)

Figure 3. Distribution of the intuitive students’ proposals to extract from the field lines representation,
information concerning the intensity of the magnetic

How could be seen from data, the idea to correlate the distance and/or the density of lines with the
intensity of the magnetic field is spread among the students and, even if it is not the right interpretation, it
the usual angle of attach propose by the students to solve this issue related to the introduction of a metric
in the field lines representation. In fact, after the performing of the Activity 16, the 84% of the students
(categories A and B reported in Figure 4) explicit a correct statement for the definition of a two-way
relation between the lines distance and the intensity of the magnetic field in one point and then, during
the big group discussion, the proposal of reshaping of the pattern of lines in a way that ensure all tubes
have all the same value of the product between the intensity of the field in one point and the section of
the tubes (or the square of the height of the stripes) emerges in all of the groups.
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The mtensity of the magnetic fields 15 equal to K/d"2 (43%)

The intensity of the magnefic fields varies inversely with the section of the
tubes (39%)

Enowing the distance between the lines and from the pole can caleulate it
(11%)

NE. (4%3)

Qo o o

Figure 4. Students conclusions after the Activity 16 concerning the ways in which relate the intensity of the
magnetic field and the property of the field lines representation.

To investigate when the magnetic field becomes a referent for the students, the analysis was focused on
students’ replies and argumentation to Activities 20 and 21.

During the qualitative exploration of the electromagnetic induction, all the groups of students performed at
least one way to produce the phenomena and explored the variables involved in the phenomena. Figure 5 gives
an overlook of which were the observation done by the groups (in this case the category used in the reporting
of the data are not mutually exclusive because each groups could provide more than one observation.

| WAYSINWHICH THE EM INDUCTION IS PRODUCED OR NOT

|GENERAIE] Move the cotls entering and exiting between the magnets (9/%:)
[GENERATE]R.otate the coils between the magnets (18%:)
[NOT GENERATE] Mowe the coils between the magnet, when it is orients
perprendicular to the face of the magnets (71%)
IV | [NOT GEMERATE] Coil at rest (3%)
V| [NOT GENERATE] Move the coil between the magnet - emaining between the
magnet - (7%)

VARIABLESANDPARAMETER IDENTIFIED

o8 EBSE

The =sign of the current change entering or exiting between the magnet (83%:)
Speed of the movement (78%5)

Transient natore (74%)

Inclination of the ceils (70%%)

Number of the windings of the coils(68%:)

Radius of the coils (68%:)

Distance between the magnets (43%%)

] s e 1] oe] WS

Figure 5. Observation done by the students during Activity 20 as concern the ways in which generate (or
not) electromagnetic induction and the individuation of the variables involved.
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In addition, as concern the methodological aspect adopted by the students during the experimental
exploration proposed, several groups perform a double check (they lowered and then raised the value of
a parameters) denoting so a need of rigor and formality and highlighting also the need to construct, even
in the qualitative case, a formalization of the correlation between the factors and the variables involved
and several of them 71% use the flux of the magnetic field as a conceptual referents which its rate of
variation among time produced the induced current. Looking at Figure 6, where are reported the replies to
questions 20.3, there is also a 25% who refer to the lines without do manifestly references to the concept
of flux.

I There is generation of current when there iz a change in the flux of the magnefic
field going throush the cirenit (71%5)

o The current producad is propertional to the speed of the fisld lines variation
through the coils, the number of windings and the radius of the coils (23%:)

T NE (4%)

Figure 6. General interpretation provided by students at the end of the qualitative exploration of the
electromagnetic induction.

During the quantitative exploration, a minority of the students speaks in terms of field line and flux (36%),
while the main part (63%) spontaneously correlate the physical situation with the phase of the graph in
relation with the position and the movement of the magnet. As emerged in the class discussion, this trend
were due to the difficult that the students has to see the movement of the field lines representation with
the magnet.

Discussion and conclusions

By means of this experimentation is shown how an experimental exploration of the properties of a physical
entity done in a prospective of gradual construction of the formal properties and allow student to construct
the meaning of abstract entities giving physical meaning of their representation. In this way, the formal
entity becomes a conceptual referent having a meaningful graphical representation that allow students
to do prevision and provide interpretation of the explored phenomena. In particular the magnetic field
became the main conceptual referent in situations in which the source of the magnetic properties is at
rest, while some difficult persist when the sources are in motion. The role of the experimental exploration
for the investigation of the induction phenomena as they were proposed have a double value: in the
qualitative exploration students found and construct an explanatory model based on the abstract entity
that they had characterized earlier; in the quantitative one, students overcome the limits in which the
formal entity were experimentally formalized to provide a new parameters in the description of the field
relating the movement of the lines with the source of the magnetic properties. So there is a double value
of the experiment: validation and extension of the model.
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Appendix A

Summary of the learning path and the inquired based learning path proposed.

1) Thave sot2 box with sversl different objects in it. How could I racognize the magnats betwesn the other objects?

2) ban

forzsioht & experimentT

2 masmat in on= hands, spproachinz it © difarent materials: how many and which are the intzractions dovou

3) Diesizn 2 procedws of explorstion of he 2vem] interactions.

4) Leat's do the expariment tozether. A) write the impor@nt elements that smargss from the explorstions; b) on the base of

the rezule: obtsined, summerize (catagorizing) the oberved inemctions

5) A bar magnets lis: on the tsble, spprosching to it snother magnet holding the second magnetin

ons hand. How do he two magnets interact?
Do 2 foresight, sxplain vour foresizht, represent srephically the process providing explizative
comment of you rapresentation.

) Hang 3 magnat with 3 wire toa ‘L’ shaped bar
a) Rotata the ber. Do2s the direction of the henged magnat chany

bj epprosching the henged magnatwith another maznat. Represane and justify the
phenomanon

€) The inerection occurs sven withouta contact. How do vou interpret this obszrvation?
) How do you r2prezent it graphically?

7T) The compass.

a) How do youcatemrize the compass, 23 concern the way inwhich it interact with a magne(? Festify wour answer,

b) Dzsizn an sxplorz tion thatallws undarsending the naturs of the compass 22 concem the previous classification of
object thatwe did. Da=cribe it and explain your proposal

8) Dizuss with your zrowp andpon the group’s dacision

9) Do the explosation that youdedizn in group providing your personal critical comments as concern the way inwhich the
amploration was hald and the results obtainad.

10) Evary sroup praents its r2sults to the class with the aim toreach 2 common conchsion: which is the catagory in
which the compass had to be placed?

11) Fix 2 sheet of papsr on the tsbls 2nd placs 2 compass on it. Rapresent the shaps of the compsss and the disection of
the nzadle.

a) rotats the compass leaving the compass on he same point. Does the dirscdon of the neadls chanzs?

b) approaching 2 maznat © the compass whils you ar2 obzarving the needlz of the compass. Desoribe how the neadls of
the compzss moves and provids an explanation of it (2ventuslly do saveml different snperiment of spprosching)

«©) Dzztz 3 shest of papsr on sceron box and pase & magnst
on the shest Using the compass az an explorer of the

ma Enatic propertias of the space, place itinssvers|
positions azound fhe magnat. For 2ach positions reprasent
the direction of the nesdle: the choice of the position and

the numbsr of position neadad to desoribs the disribution of
the nzedles sround the masnat is up to you.

) Compare our drawing with e one did by the rssesrcher

and draw the lines of crientation 85 envelop of the direction
0ok by the neadlz of fhe compass.
&) Foszzizht the dirsction of the neadles of the compazses

placzd on the dfferent lines mpresaned in he next figurs. Tusify vour smewer

12) Tha lines of ori=ntation in the mrrounding of & cylindrical magnst. Dexcribe the main chamcteriztics of thepatem of
lines of orisntation.

) &= thay symmeric]

') does them intersact one sach other? What dos it means from 2 formal point of view? {in particuler a3 concem the
uniquansss of direction st2ach poing

©) How doss the distance betwasn linas changs? Desorbe, qualimtively, the tend of the dizance berwesn the lines in e
points around the magnet.

) Foresight the dirsction of 2 farmomaznstic needle placed in the sams point inwhich the compasses wers placed in the
figure of the question 112,

#) Obearve 3 @bls of compass and a tabls of farmomaznatic nesdles. Describe similarities and diffsrences batwesn the two
cam

13) In the figws below, ar= reprzented 1 identic magneg
M1 z2nd M2 placed onthozonally one to the other with the
same pols at the zame distsnce © the point A

) raprasent the direc fon assumed by the nesdle of the
‘compass in tha point A.

') explain the r=asoning that you did to foresight the
diraction of the nsadle in the point 4

Lat’s do wme experimentaions with ths @blz of
compases to sudy the orientation of the nesdle chenging
the distance of one of he fwo maenat from the point A

) Us a diffarant color to reprazent in the pravious figurs
the dirsction of the naadls of the compass plased in the
point A when the mapnet M izplaced in position 43 2
and 1.

d) How do you explzin the changss in the neadle diracion
&t the approaching of the maznet M1 to he point AT

) looking at the r2sults obtained, which ars the cheracteristic of the proparty (the physic quantity) that we
anplorsd in the space around the magret in t2ms of orin@tion of the needls of the compamT

1) which formal { ma thematicalyentity vou will use to reprasent this property of the spaca? Juatify your answer,
E) Represent whit the formal antity that vou chooss the masnetic propary of the spare | the physical quantity
that we had explosed in tarms of oriznstion of fe needls of the compass.

o M

) dezcribe your representation, justifiing it

1) the points 1,23 and 4liex on a line of orientarion coincident with the axes of he magnat. Do vou think that the
physical quantity that represants the magnetic propasty of the space & constant along the lines of erenmtion of
the nzadles? Tustify vour snswar

) Izita force?

14) A maenet iz placed on 3 tabls with sround im=z1f 5 iron balls held fn he positions shown in the fizue. For
zach of the balls draw the magnetic fisld vector present st the point whers the ball is bcxted and what vou think
iz the direction in which the ball will begin to move if it iz will laft to move.

14.1) 1= the sterting direction of the ball coincident with that one of the fisld line?

forecast explaining vour rezzoning

14.7) Do the experiment. Iz it in agreement with wour foracan?

vou tad o dascribs itto a vour clasmats

14.3) The stasting direction of the ball repressnts the dirsction of the respltant of the forces acting on e ball. In

Explain your

Describe the motion of the balls a3 i

the pravious siruedon (shown schematically below) reprasens the magnetic fisld vactor and the forces actinz on
each ball.
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151) Which is the mathematical entity that could We U= to reprasent the magnstic proprtiss in cns point?
Tuaify &

On the base of thesz observation we can lsbeled it *me pnetic fiels™.

fizld sensor, we will explor the intnsity of the magnatic feld slong tine

2xpact that e intensity of the magnatic fizld alonz @ line changes o remains consant? Juxify
youranswer, on the base of the experimental obmrvation ¢l untd now.

Jisur: it ueing 2 fiald line senser

153) Is it in sgreement with you forecast? If no, seinerpret what you observed on the light of this observation.
Lar's now look for & procadurs thet allows indicating the intandity of the magnatic fizld with the fiald lines
sepre:

Consider all the patems you drew ool now
16.1) Doss the lines inter
162) What types of srfaces arz enclosed by the lines?

16.3) Thinking about the fires~timension! picturs of the patiem of lines, what is the corresponding figum in
thras dimensic
16.4) In analogy to what vou ¢id for the slectric feld, get one of these tbes and I calculste the magnetic fux
within it.

16.5) What[ have to do to calculate the magnetic flux through a pipe

16.6) Record fhe dats in the following mbls whers with *h’ is lsbe1ad the heizht of the strip at the point whers the

E &2

16.7) What could be argue looking st the dat of the previous table?
16.8) Rpat the sams measirs considering other pipss racording the 4 in the following table:

Tube 2 Tube 3 Tobe 4
B .1 LlE) B h L8] B b LlE)

191 Corsider 3 magnst and a wire caying a cument. Do you think thers is an htersction betwsen the two?
Tusify your answer

Do the experiment

19 Is the experiment in sgreement with your forecast? Discuss it with your schoolmates o davalop & shared
xplanztion

193 Study qualitativaly th

From which perameter it depends? Test it
Depandencas?

194 Forecast the mathematical law which expressas the forc

Elsrom agneric Taducdon

20) [Qratitativeliy]

W have saen hata c

vesizae 0w if

cumant? To reply © this quastion

20.1 Use the available materials to perform the phen
i 2achof them the

3 (faﬂym!a corrant is 2hls 10 chinge the mazees fleld in the space around it Wa will

=i and & circuit canbe g2neratad 2

21m of the eLermmgam inducion, Do ssveral 23t

201 Which ars e varisble: sndior the parameters invelyed?
List them 2nd explain (justifving) how thes influanced the
procass. Remember toracord also the ests that did NOT
ZEnsrats curmen.
1 Test dona:

Explein 2né motivate why 8i¢ vou perform thess test

Parsmatars and varisbles invalved s %
5 i . qS e 9
Enplzin 2nd jostify fi2 obs2rvation dons: .
T Temdome i ir ;’;};
3.4

201 i a general mules that sllows you to inerprat 31 the obervation you did.

168y Observe the colls

d dats. Whatdo you noticad?
£ £ (B) in the various wbes, How this property couldbs ued © ensure that the
= will allow to obisin information sbout the intensity of the magnetic field vector

for the points of the plans”
Sources of magneric fisld
Fempve all the objecs fromabove snd balow the table.
171 Now we will 17 10 discover if there are o
@0 to d2ect 20 object has 2 mEER
h the ons of the ofh

25 of magnetic fisld. In your opinion, vsing 3 compass.
i fizld? Explain vous snswer

Eroup
How will you g0
iala?

= Tiald? Dascribe how o tast this exparimenslly
curmant hat £oes thoough the table of compas=s

183 How i the orisntaticn of _wpaas:s Feprzsentit

184 If instead of & = oppar wirss camying cumants in opposis dirctivns (se fizuss), are
Y0U 2ble 10 reprasnt the 1 ,efmamm 7 Raprecent them below

185 How did you consruct the fizld lines in the figwe= sbove7 Explain
186 Obssr= the simulstion. Do you nofice similasities and differsnres with the field lines of the magnet?

References

21) [Guantitative snplosmtion] .
Placs the cant on e Fuids and connect it © 2 magnet with an inextensible wire. Using 3 pulley hans the masnet
outef the table and overa coils (as in figurs). The coils is locatad at fow contimeters from the Zround and it i
connactad 102 sensor of tension. Laaving the cartfres o move, the magnet fall down throngh the colls and reach
the zrosnd.

BEFORE THE EXPERIMENT...

21.1) Wich is the motion followsd by the mazn
212) Bas2d on what you have obsarved in the previously
qualitstive sxploration, forecest what will ba the sraph tension-
dms messursd berwaen the ands of the coils Raprassnt your
prevision in 3 Zaph.

DO THE EXPERIMENT
221 Represent the graph obtained.

o :
22.5) Describa the Sraph oot Ainz o evary ghae th corresponting physical process clarsd 1o this part of the

raph.

22.6 Which is the partof n-a mpr

227 Which Eraph

228 Which is the part of n-.: Eraph corrsponding to e mov

229 Raport the maximum and the minimum valss of the tnsien

2210 Are them equal? V.11 How do you interprat i
sz 2 i =i = peal = A =

2212 Meamra from the graph fhe width at haff heigh of the peak: ALy Ay

2213 Are them aqual? V.14 How do vou interpra it?

Mzssurs e ar22 of the tension-tims graph

Arszs of the first paak:

corresponding o e eppm:rw et'ﬂ‘ﬂ magnet to the coil?

! of the magnet from the co

; I,
£ 7 s e

V.16 Asza of the sacond pask: V.17 Which iz the valva of the otal
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