®I3UKO-MATEMATUYHA OCBITA ($MO) sunyck 1(15), 2018

Scientific journal ISSN 2413-158X (online)
PHYSICAL AND MATHEMATICAL EDUCATION ISSN 2413-1571 (print)
Has been issued since 2013.

HaykoBuii xypHan
PI3UKO-MATEMATHYHA OCBITA

Bunaerscs 3 2013. sgientific
journal

http://fmo-journal.fizmatsspu.sumy.ua/

KoHosan O.A. AuckyciliHi 3a0a4i 8 mpaduyiliHili memoouyi HABYAHHA enekmpoouHamiku. Pi3uko-mamemMamuyHa oceima.
2018. Bunyck 1(15). C. 113-117.

Konoval O. Debatable Tasks In The Traditional Method Of Electrodynamics Teaching. Physical and Mathematical Education.
2018. Issue 1(15). P. 113-117.

YK 378.016: 537.8
0O.A. Konoval
Kryvyi Rih State Pedagogical University, Ukraine
konovaloa@gmail.com
DOI 10.31110/2413-1571-2018-015-1-019

DEBATABLE TASKS IN THE TRADITIONAL METHOD OF ELECTRODYNAMICS TEACHING

Abstract. The article deals with the theoretical analysis of the traditional approaches to electrodynamics teaching. The
author has paid attention to the contradictions arising in the process of application of the classical Biot-Savart’s law and the
neutrality conditions of the conductor with a constant current. It is foremost marked that there are different points of view as for
the status of Biot-Savart’s law, which is unacceptable during interpretation of the electrodynamic phenomena and at the study of
electrodynamics by future physics teachers. Contradictions to principle of relativity, arising at joint application of Biot-Savart and
Coulomb's laws are described and analysed in detail. These contradictions arise as a result of the fact that in the analysis of
electromagnetic phenomena the relativistic correction in the expression of the intensity of the electric field of a uniformly mobile
charged particle is neglected. Despite of the meagerness of the magnitude of such an amendment, it should be taken into account
for the correct and adequate description of the phenomena.

Three neutrality conditions of the conductor with a constant current proposed in the scientific and methodological
literature are discussed. It is shown that a traditional neutrality condition of the conductor with a constant current

pl=—p°(1-p* )’V2 ——p_, Where p = p°(1-p? )’% is charge density of the conduction electrons in the reference system (RS) k

; v s the drift velocity of the conduction electrons; pg— Y; ¢ is the speed of light in vacuum; p°, p? arethe charge densities of
c

the conduction electrons and positive ions, respectively, in their own reference systems, is inconsistent and contradicts to principle
of relativity. The noncontradictory neutrality condition of the conductor with a constant current is offered.
The conclusion about some limited nature of traditional teaching methods of electrodynamics is drawn. Biot-Savart's law
and the formula g :‘% , (which is obviously a consequence of Coulomb's law) are not compatible for simultaneous use in the
e, r

0
analysis of the same electrodynamic problem because they lead to principally false conclusions and contradictions. At the same
time in standard textbooks and scientific and methodological publications these two formulas are used together, which is, from
our point of view, the physical error.
Key words: Biot-Savart's law, neutrality condition of the conductor with a constant current, teaching methods of
electrodynamics, principle of relativity.

The problem setting. Reference to the modern theoretical physics study-aids, general physics and school course of physics
shows that in the methods of teaching electrodynamics during interpretation of certain laws there are contradictions and
questions for discussion, which prevent the formation of students™ holistic picture of adequate ideas about the system of
electrodynamics fundamental laws.

Analysis of the latest research. Taking into consideration the limited volume of scientific article we shall concentrate
more in detail on the analysis of a number of contradictions, related to Biot-Savart's law and the condition of neutrality of a metal
conductor with a constant current [1; 2], leaving more thorough investigation of the causes of other contradictions and questions
for discussion, taking place in the theory and methodology of electrodynamics study as the prospect of further research. First of
all let’s note the ambiguity in the interpretation of the status of Biot-Savart's law. From the review, presented by us in the
monograph [2, p. 98], we have 7 points of view as for the status of Biot-Savart's law.

Let us pay attention to a number of contradictions which are associated with the interpretation and application of Biot-
Savart's law
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Despite understanding the fact that the law (1) in principle is unavailable to direct experimental verification, in the vast
majority of modern textbooks Biot-Savart's law is interpreted as an experimental law.

But the analysis of the essence of this law and historical sources testifies about the incorrectness of such approach for
the study and interpretation of the ratio of (1) [2].

The purpose of the article. In connection with this the purpose of the article is to carry out a theoretical analysis of
modern methodological approaches in electrodynamics teaching, to reveal the contradictions and problems in the
electrodynamics itself and in the methods of teaching electrodynamics and to determine the prospects for their refutation.

Statement of the basic material. Our study has shown that in some cases the application of the law (1) leads to the results
that are contrary to the main postulates of the relativistic electrodynamics.

Then from (1) and the superposition principle we can conclude that the expression for magnetic field (MF) induction,
which is created by a moving charged particle (CP) is [2; 5; 8],

5 _ M9 - = r
B, =—=[0,1|=uys,| 0,
! o’ [ ] Hoy o{ 4zt

where E = c% 3 is the strength of the electric field created by ( in the non-relativistic approximation) a mobile CP at the
TEY

3}:/”050[5"2], (2)

corresponding point of the field, U is the drift velocity of the conduction electrons.

But, the use of the expression (2) and E = ‘% .3 for the analysis of the same electrodynamic problem leads to the
TTEY

conclusions that contradict the principle of relativity.
Indeed, let’s consider a thought experiment, shown schematically in Fig. 1

> X

O L _ >
1
Fig. 1. The scheme of a thought experiment to determine the EMF of induction in the loop . CP is moving with constant

speed U in the plane of the loop.

According to the traditional interpretation of the phenomenon of electromagnetic induction, in the loop |., due to time

changes in the magnetic field at each point of a flat surface bounded by the loop L (and therefore the change of the magnetic
flux in time), there will be EMF of induction. But this conclusion contradicts the principle of relativity: with the transition to the

reference frame associated with CP, the loop L will be moving in a centrally symmetric Coulomb field.

Such field is a potential one, so there are no physical reasons that could generate voltage in the loop L. Hence the use of
the law (1) and its equivalent - the expression for MF induction, which is generated by a separate mobile CP

B, = £,u, [,;' E]= L[fr] - in such problems gives the result that contradicts the physical reality.
4ar
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Fig. 2. In the wire loop L, which is located next to the DC circuit EMF is absent

Similarly, in the problem shown in Fig. 2 the use of the classical Biot-Savart's law leads to the result that is contrary to the
principle of relativity.

According to Biot-Savart's law (1) and the traditional interpretation of the phenomenon of EMI (see the problems, shown
in Fig. 2) we should expect a certain EMF of induction in the loop L.

This conclusion follows from the following considerations.

Each of the conduction electrons, moving with the drift velocity in the conductors of the electric circuit creates alternating
magnetic field at each point of the flat surface bounded by the loop L, .In its turn this alternating magnetic field creates a vortex

electric field at each point of the surface bounded by the loop ( rotE =0 ).
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Integral effect should manifest itself in the emergence of induced current in the loop L . But experiments show that the

voltage in the circuit does not emerge.

Now let us turn to the analysis of another bright contradiction existing in the methodology of studying electrodynamics.
Historically in educational literature the discussion of space charge of the conductor with constant current (CCC) (or in other
words the condition of neutrality CCC) was suggested in R.Feynman’s manual [1]. The problem of interaction of CCC and a charged
particle moving along CCC is analyzed.

Let a cylindrical line metal conductor with constant current (CCC) be located along the axis of the reference system (RS)

K (Fig. 3).

K B K ;o
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Fig. 3. The interaction of the electron and the CCC in the RS K and RS K' .

Then it is obvious that the current density j, = p -v , where p_= p?(l—ﬁzy% is charge density of the conduction

v
electrons in the reference system (RS) K , B =—, cis the speed of light in vacuum, p°, p? are the charge densities of the
C

conduction electrons and positive ions, respectively, in their own reference systems, ., is the drift velocity of the conduction
electrons .
The common condition of CCC neutrality is [1; 5; 6]:

Pl =—p - =—p (3)
Let's assume for simplicity that the rate of RS K'is numerically equal to the velocity of conduction electrons V=u.
Then in terms of RS K' the CCC will be characterized by a bulk density of the charge
0 0 p2
p’=pi+pi=ﬁ—p, 1—ﬁ2=%- (4)
Perhaps G.V.Nikolaev was the first to point out the contradiction of neutrality condition (3) in his work [7]: as RS K' and
rRs K are equivalent, thanks to the symmetric conditions that determine the motion of electrons and protons in the RS K'and

rs K respectively, the physical situations in these reference systems should be the same.

There are three ways to solve this contradiction in the scientific and methodological literature:

Method 1. “... Physical properties of negative and positive charges are different” [7]. But if the electron and proton in
electromagnetic interactions manifest themselves symmetrically, “we have to recognize the existence of physical nonequivalence
fixed on the surface of a solid (creating a gravitational field) body of the Earth laboratory RS with respect to any other RS which
moves relatively to it” [7, p. 6].

Method 2. Current-carrying conductor is neutral in the RS, which is moving with the drift velocity of the conduction
electrons [8, p. 92], that is, in the RS K'.

p=p.+p =0. (5)

The argument of the authors [23] is as follows. Assume the appearance of the space charge of current conductor in the
Rs K’ and consider the interaction of conduction electrons of CCC with the field of this space charge. In the RS K their movement
creates a current density p . Since in the RS K' magnetic field does not effect on conduction electrons and “there is no second

force that could counterbalance the effect of the electric field of the space charge”[8, p. 91] the performance should be required
(5).
Method 3. Neutrality condition of the conductor proposed by us [9; 10]:
pl=—p°. (6)

Then, in the RS K fixed current-carrying conductor is characterized by a bulk density of the charge:
0

P \/fﬁz - \/fﬁz (N _1)' v

We'll present arguments in favor of (6) and (7):

0
a) In fact, if with the flow of current the condition (3) p° = —p_, this means that p°< P _ P
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That is, the density of the charge of motionless as a whole collection of the conduction electrons is less than the density
of the charge of the same set of mobile electrons.

Then, when £ =0 (there is no current in the conductor) pf =p <pf, that is a conductor without current (after the

current is switched off) will be positively charged: p° — p° = pf(lf,llfﬂz J, at that the magnitude of the charge depends on

the current flowed earlier [9]!
b) The density of any charge distribution in the transition from one RS to another is converted by the formula

0[1 V2 j_%, where V is the velocity of some charge distribution with density p°, p being charge density in the RS with
P=pP v

respect to which this charge distribution is moving. Therefore, the total charge density of electrons and ions moving with arbitrary
but identical speed should be increased in one and the same number of times. If the conductor without current is neutral
pf = _pj’ (that is natural), then why, after the current appears and the set of electrons moving at the speed ., is described, as

it is known, by the charge density p_ = p?(l—ﬂzy% , the density 0. does not become larger in absolute value than pf ?

c) If the total density of electrons and ions moving at the same speed change equally, the conductor without current that
moves (assuming neutrality (3)) will be charged with a bulk density [9;10]:
0
p=p.—p. = - (1—\/1—ﬁ2) !
vi-8
But there is no physical reasons to consider a fixed (like the one that moves at constant speed) conductor without current
charged;

d) The current density inthe RSKis j, = o -v.AndintheRS K' the currentis only caused by the travel of ions moving

at the same speed as the conductivity electrons in the RS K . However, the current density in the RS K" is more than
i = pi’u(lfﬁz)*% > despite the fact that the charge density of electrons and ions grow similarly in the RS with respect to

which they move at equal speed.

BZ

Similarly, we'll find that the magnetic field the RS K'is larger than in the RS K: B, = , but physical situations are

2

identical (up to a sign of moving and stationary charged particles). So again we state the contradiction;

e) Taking into consideration the condition of neutrality of the current conductor (3) we can conclude the following:

2
-inthe RS K there is no electric field, and in the RS K' the electric field intensity is: E, :A, where a is the
2rg,aq1- B2

distance from the point of the field to the linear guide;

- the magnetic field induction in the RS K is g _tHp S , and in the RS K’ the induction of the magnetic field is
! 2m

(1—/32)’}/2 times more, because |’=|(1—ﬁ2}%, despite the fact that in the RS K’ the ions move with the same speed (in
magnitude) as the conductivity electrons in the RS K;
f) Violation of physical relativity in the transition from RS K toRs K’ can be seen most clearly by comparing the forces
acting on the electron in the RS K (its speed is ) and positron moving at the speed v'=v along the current in the RS K'.
The traditional point of view as for the force acting on the electron is equal to the expression qu- B, , and the force acting
on the positron in the RS K'is
qu-B;-qE; =0,

although the physical conditions in the systems K and K' are the same [2]. In this example the possibility of physical
adaptation, which "is crucial condition for the implementation of physical relativity" is probably violated [11, p. 8-9].

= r
Conclusions. Biot-Savart's law and the formula E = 2 q s (which is obviously a consequence of Coulomb's law) are not
&,
compatible for simultaneous use in the analysis of the same electrodynamic problem because they lead to principally false
conclusions and contradictions.
Thus, the traditional method of studying electrodynamics, based, in particular, on the classical Biot-Savart's law can not
explain the absence of voltage in the loop L, in Figures 1, 2. At the same time in standard textbooks and scientific and

methodological publications these two formulas are used together, which is, from our point of view, the physical error.

We realize that our reasoning isn't faultless. But the fact is that there are objective contradictions and it is desirable that
they should become a subject of scientific and methodical discussion. The assumed result could be focused on elimination of
problem questions in the methodology of electrodynamics teaching, and, ultimately, could have a positive impact on the quality
of students' understanding dialectics, the importance and role of theoretical and empirical methods in physics and methods of
its teaching.
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DUCKYCINHI 3AAAYI B TPAAULIAHIA METOAMULI HABYAHHA ENEKTPOANHAMIKU
O.A. KoHosan
Kpusopizbkuli depxcasHuli nedazozivHuli yHisepcumem, m. Kpusuli Pie, YkpaiHa

AHomayia. Y cmammi 30ilicHeHo meopemuyHuli aHani3 mpaduyiliHux nioxodie 0o susYyeHHs eneKmpoouHamMiku. B
cmammi 36epHyma ysaaa Ha nNpomupiyys, wjo BUHUKAOMb NPU 3aCMOCY8AHHI KAacu4Ho20 3aKOoHy bio-Casapa i subopy ymosu
HelimpanbHocmi npogidHUKa 3 mocmiliHum cmpymom. lepw 3a 8ce HA20M0WEHO HA ICHY8AHHI Pi3HUX MOYOK 30py Wodo cmamycy
3aKoHy bio-Casapa, wo € HenpuliHAMHUM npu iHmMepnpemayii enekmpoouHamiyHuUx asuw U Mpu sus4yeHHi enekmpoouHaMiKu
malibymHimu suumenamu ¢izuku. emanbHo nNpoaHani3o8aHi cynepeyHocmi 3 NPUHYUMNOM 8i0HOCHOCMI, WO BUHUKAOMb Mpu
cymicHOMY 3acmocy8aHHi 3akoHa bio-Casapa ma 3akoHy KynaoHa. Lli cynepeyHocmi BUHUKAHOMb 8HACMIOOK M0O20, WO npu aHanisi
e/1eKmpPOoOMazHiMHUX ABUW, HEXMYIOMb PEAMUBICMCLKOO MOMPABKOI0 Yy 8UPA3i HAMPYHEHOCMI eAeKMpPUYHO20 MOoA PiIBHOMIPHO
Pyxomoi 3apAdHeHOT YyacmuKu. Hezeaxcaoyu Ha Mi3epHicme seauvYuHU MAKoi nonpasku ii cnid spaxosysamu 0608°a3K080 0411

KOpPEeKmMHo20 ma adeK8amHo20 onucy AsulW.
062080pHOHOMbCA, 3AMPONOHOBAHI 8 HAYKOBO-MemMOOUYHIl nimepamypi, mpu ymosu HelimpanbHOCMi NPo8iOHUKA, no
AKoMy nipomikae nocmiliHuli cmpym. [MoKa3aHo, wo 3a2aabHONpuUliHAMA ymosa HelmpasnsHocmi nposidHUKa 3 mocmiliHUM
cmpymom  p° = —p°(1— 32 )% =—p ., B p :p°(1fﬁz)’% 06’emHa 2ycmuHa 3apady enekmpoHie nposidHocmi 8 cucmemi

v
8i0iKy K, e axiii nposidHUK Hepyxomud; 1, dpelihosa weudKicmb enekmpoHie nposidHocmi; ﬁ =— ¢ —weuokKicms cgimaa
c

y saryymi; p°, p° —aycmuHu 3apadie eneKmpoHie NpoeidHoCMi i MO3UMUBHUX iOHi8 y 8n1aCHUX cucmemax 8i0niKy 8idnosioHo €

HernocnidosHow ma cynepevyums NPUHYUNY 8i0HOCHOCMI. 3aNpPONoOHOBAHO Hecynepeyausa ymosa HelimpaasHOCmi NposioHUKa
3 nocmiliHum cmpymom.
3pobieHo 8UCHOBOK W000 NesHoi 0bmMexeHoCmi MemoOUKU HABYAHHSA enekmpoduHamiku. ilicHo, 3akoH buo-Casapa

£_qr . .
u ¢gopmyna Ezq 3 (o4esudHo sAsnAwwelica cnedcmeuem 3akoHa KynoHa), Hecoemecmumsl mexdy coboli 0ns
Are r

00HOBPEMEHHO20 UCMOMb308AHUA NPU aHanAu3e o0Hol u moli e anekmpoduHamuyeckoli 3a0a4u, MOCKOAbKY npusooum K
MPUHYUNUAALHBIM fI0XHLIM 8bI800AM U MPOMUBOPEYUAM. B mo e epemsa 8 cmaHOAapMHbIX Nocobusx U 8 HAay4yHO-
MemoduyecKux NybauKayuax amu 0ee hopmysbl UCMOAb3YHOMCA 8Mecme, Ymo A68/a5emcs, ¢ Hauwell MOYKU 3peHus, pusuveckoli
owubKod.

Kntoyoei cnoea: 3akoH bio-Casapa, ymosa HelimpanbHOCMi NpogioHUKaA 3 MocmiliHUM cmpymom, MemooduKa Ha8YaHHSA
en1eKmpoOUHAMIKU, MPUHYUN 8i0HOCHOCM.
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