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he article deals with the methodical problem of realization of the content of the section

«Mechanical and electromagnetic waves» in the textbooks for the 9th grade of the
gymnasium. The concept of the section as a component of a comprehensive physics course
for general secondary education institutions is substantiated.
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Problem statement. The study of physics begins in primary school
(gymnasium). According to the physics curriculum [1], the section «Mechanical
and electromagnetic waves» was first included in the 9th class basic physics
course. There is a need to develop a methodology for studying the specified
section as a component of a comprehensive physics course for institutions of
general secondary education, to study the features of the implementation of the
content of this section in the textbook.

The purpose of the article. To this end, we analyzed the content of the curricula
and textbooks, examined the principles of structuring and selection of the content
of the educational material in the curricula and textbooks, methodical techniques
for constructing texts and illustrations in textbooks, the effectiveness of the
methodological apparatus of textbooks. The article presents the results of the
analysis and identifies common approaches to solving the problem of structuring
and content selection of a school physics course that will be useful for future
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curriculum developers and textbook authors. Guidelines for teachers to improve
the method of studying the specified section in the 9th grade of the gymnasium
are formulated.

Analysis of recent research on the issues discussed in the article. Most
researchers in the field of methods of teaching physics in general secondary
education, consider the general issues of formation of the content of education
[2, 3, 4], the peculiarities of methods of studying both separate sections, and the
peculiarities of studying physics at a particular concentration (grades 7-9, 10-
11 classes) or levels (profile, standard) [4, 5] or certain didactic components of
these methods, such as: teaching aids and teaching support (including textbooks)
[6, 7], forms and methods cognitive activity of students, theoretical basis for
the development of didactics of physics, innovative approaches that ensure
the modernization and improvement of existing practices training. In these
works, among other issues, the methodical methods of studying mechanical
and electromagnetic oscillations and waves in primary school are considered as
examples, however, as a separate problem, the study of the features of studying
the section «Mechanical and electromagnetic waves» in the 9th grade of the
gymnasium was not carried out.

The main material studies with full justification of scientific results. The
theoretical basis of the study is the results of our analysis of the curriculum
in physics for grades 7-9 [1], textbooks for the 9th class of institutions of
general secondary education [8-12], methodological and educational manuals,
methodical lessons.

The Physics Curriculum for 7-9 classes of general secondary education
institutions provides for the study of the following questions: «The emergence and
propagation of mechanical waves. Sound waves. Speed of sound propagation, length
and frequency of sound wave. Sound volume and pitch. Infrared and ultrasound.
Electromagnetic field and electromagnetic waves. Speed of propagation, length
and frequency of electromagnetic waves. The dependence of the properties of
electromagnetic waves on frequency. The scale of electromagnetic waves. The
Physical Basics of Modern Wireless Communications and Communications» [1].

As a result of studying these issues, students should understand the concepts
of wave process, the conditions of formation of mechanical and electromagnetic
waves; formulate definitions of physical quantity (wavelength and frequency, sound
volume and pitch); to know the physical basics of modern wireless communications
and communications, the dependence of the properties of electromagnetic waves on
frequency; compare the properties of sound and electromagnetic waves of different
frequencies; assess the effects of vibration and noise on living organisms; explain the
value of modern communications and communications. Also be able to solve problems
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of different types using formulas of correlation of wavelength, frequency and speed
of propagation; to investigate during the laboratory work the sound vibrations of
various sources of sound with the help of modern digital means.

The analysis of the textbooks shows that the content of the substantive issues
is grouped differently by the authors in the paragraphs that are shown in Table 1.

Table 1

Textbook

Contents of the part «<Mechanical and electromagnetic waves»

Physics Grade 9
(authors
Baryakhtar V.,
Dovgiy S.,
Bozhinova F,
Kiryukhina O.)

§ 17. The emergence and propagation of mechanical waves.
Physical quantities that characterize waves

Exercise 17

§ 18. Sound waves. Infrasound and ultrasound

Exercise 18

Laboratory work N26

§ 19. Electromagnetic field and electromagnetic waves
Exercise 19

§ 20. Scale of electromagnetic waves

§ 21. The physical basis of modern wireless communications.
Radiolocation

Encyclopedic page

We summarize the section III

Self-test tasks for Section III

Indicative topics of the projects.

Topics of reports and messages.

Topics of experimental research

Physics Grade 9
(authors
Golovko M.,
Neporozhnya L.,
Koval V.,

Melnyk Y.,

Sipiy V.)

§ 21. Wave phenomena in nature and technology
Exercise to § 21

§ 22. Sound waves and their properties

Exercise to § 22

§ 23. Sound volume and pitch

Exercise to § 23

§ 24. Infrared and ultrasound and their use

Exercise to § 24

§ 25. Electromagnetic waves and their properties

Exercise to § 25

§ 26. Physical basics of radio communication

§ 27. Modern communications and communications.
Radiolocation.

Exercise to § 27

The Training project together

Learning to solve physical problems on wave phenomena.
We detect subject competence in the section «Mechanical
and electromagnetic waves»

The main thing in section 3
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Physics Grade 9
(authors
Zasiekina T,
Zasiekin D)

§ 21. The emergence and propagation of mechanical waves
Exercise 12

§ 22. Sound waves. Speed of sound propagation

Exercise 13

§ 23. Acoustic and physiological characteristics of sound
Laboratory work N26

§ 24. Electromagnetic field and electromagnetic waves

§ 25. The scale of electromagnetic waves

§ 26. The principle of radio communication. Radar

Exercise 14

§ 27. Physical basis of modern wireless communications and
communications

Check yourself

We carry out educational projects

Summary of the section «Mechanical and electromagnetic waves».

Physics Grade 9
(by Sirotiuk V.)

§ 17. The emergence and propagation of mechanical waves
Tasks and exercises

§ 18. Sound waves. Speed of sound propagation, length and
frequency of sound wave. Sound volume and pitch

§ 19. Infrasound and ultrasound

Tasks and exercises

§ 20. Electromagnetic field and electromagnetic waves. Speed of
propagation, length and frequency of electromagnetic waves

§ 21. Properties of electromagnetic waves. The scale of
electromagnetic waves

§ 22. The physical basics of modern wireless communications and
communications

Laboratory work N26

Tasks and exercises

Test your knowledge

Tests

Physics Grade 9
(authors

Shut M,,
Martyniuk M.,
Blagodarenko L.)

§ 20. The emergence and propagation of mechanical waves. Types
of mechanical waves. Wave energy. Wave characteristic.
Exercise 20

§ 21. Sound waves. Speed of sound propagation

Exercise 21

§ 22. Reflection of sound. Infrared and ultrasound

Exercise 22

§ 23. Electromagnetic field and electromagnetic waves. Speed of
propagation, length and frequency of electromagnetic waves
Exercise 23

§ 24. Scale of electromagnetic waves. The concept of radio and
television. Radiolocation.

Exercise 24

Tests section 3

Tasks for Section 3
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As can be seen from Table 1, in two textbooks, the content of the section is
grouped into five paragraphs, in two textbooks into seven, and in one textbook into
six. The number of exercises varies from three to seven. The three textbooks contain
sections on the implementation of educational projects and instructions for laboratory
work. Each textbook has a task for the final evaluation.

Quialitative analysis of the content of the textbooks also shows the varying degrees
of content and detail, the volume of additional material. At the beginning of the
section study, the authors of three textbooks [8, 9, 10] resort to motivational appeals
in which they focus on different aspects. In particular, attention is drawn to the fact
that different mechanical and electromagnetic waves exhibit similar properties and
are described quantitatively by the same laws [9]. Because of the advances in physics,
namely the experimental discovery of electromagnetic waves that can propagate in
space, it has become possible to create fundamentally new means of communication —
from wireless telegraph, radio and television to satellite and cellular communications.
And that these tools are part of the information technology of modern technogenic
society [8, 9, 10]. That the manifestations of oscillations and waves can be observed
in many natural phenomena and in man-made devices and technologies [8, 9, 10].

Analysis of the textbooks shows that the authors applied different approaches
to the formation of concepts and physical quantities, describing mechanical and
electromagnetic oscillations and waves, chose different numbers of them. According
to the program [1], students need to understand the concepts of the wave process,
the conditions of formation of mechanical and electromagnetic waves; formulate
definitions of physical magnitude (wavelength and frequency, sound volume, and pitch).

Consider how the authors of the textbooks implemented the requirement of
the program to formulate the concept of the wave process and the conditions of
occurrence of mechanical waves. As a physical process, the wave is the propagation of
fluctuations in the medium. Considering that mechanical oscillations were studied in
7th grade, the need to actualize them at the beginning of the study of the wave process
was discovered by four groups of authors, with varying degrees of repetition: from
one sentence «In the class of 7th grade physics you studied mechanical fluctuations»
[8, 12], in more detail [9, 10] (definitions, examples, types of oscillations, physical
quantities describing oscillations).

The notion of a wave process is given by most collectives by defining the concept
of a mechanical wave. In this case, with varying degrees of detail and specifying
features: «Mechanical wave is called the propagation of oscillations in an elastic
medium» [8], «Mechanical wave is the process of propagation of oscillations in an
elastic medium over time, accompanied by the transfer of energy from one point to
another» [9], «Mechanical wave — the process of propagation of oscillations in an
elastic medium over time» [10], « Wave — the process of propagation of oscillations
in any medium. A wave is a change in the state of an environment that propagates in
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space and carries energy »[11],« The process of propagation of oscillations in space
is called wave because wave motion »[12].

The introduction of the concept in most cases [8, 9, 11, 12] was at the beginning,
before explaining the mechanism of formation of a mechanical wave. The authors
again take different approaches to the conditions of appearance and propagation of
mechanical waves. In the textbook [10] the simulation method is applied and the wave
propagation process is explained and illustrated on the model of the elastic medium
and summarized as a list of conditions. In the textbook [11] through the system of
experiments. In other textbooks, it is more abstract in nature than the propagation
of oscillations in an arbitrary elastic medium.

Most authors [8, 10, 11, 12] stated that mechanical waves are transverse and
longitudinal (longitudinal), emphasized the properties of mechanical waves (in
particular, that the wave motion is not accompanied by the transfer of matter, which
during wave propagation occurs energy [8, 9, 11, 12].

Let’s further analyze how such a requirement of the curriculum is implemented
in textbooks, such as the formulation of determination of physical quantities, in
particular wavelength and frequency, sound volume and pitch.

Four teams of authors have made almost the same determination that the
wavelength is the distance over which the wave extends over a time equal to the period
of oscillation. The textbook [11] provides the following definition: «The wavelength is
the distance between the nearest one-to-one points of wave that oscillate in the same
phase.» All textbooks provide drawings that illustrate the concept of wavelength, its
symbol and unit, the formula for the frequency, period and speed of the wave. The
wave frequency is not found in any of the textbooks.

We have given an example of analyzing only the first paragraph of the section
«Mechanical and electromagnetic waves» in the textbooks. Further analysis shows
that the implementation of the program material is carried out with varying degrees
of content selection. This is despite the fact that in each author group [8-12] there is
a representative of a working group on writing a training program [7]. There are also
different methodological approaches that the authors have applied, based on the
tasks that they believe should be addressed in the process of studying this section.

Although this section was first introduced into the basic physics course, the
technique of studying mechanical and electromagnetic oscillations and waves has
established approaches and is based on the widespread use of methods of clarity,
analogies and modeling, experimental verification of conclusions by analogy; a
detailed study of any one, the most illustrative example, the fundamental properties
and methods of study of oscillations and waves, with the subsequent application of
the learned concepts to other cases.

The study of wave processes contributes to the formation of holistic ideas about
the modern natural-scientific picture of the world: wave phenomena of different nature
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have the same patterns and their manifestations and diversity prove the unity of micro,
macro and megaworlds. In this section we can convincingly show the dialectical nature
of the development of views, ideas and hypotheses (Hertz experiments prove the role of
experiment as a criterion for the truth of Maxwell’s theory, in particular the hypothesis
of the existence of electromagnetic waves), the knowledge of the increasingly hidden
mysteries of nature (corpuscular-wave nature of light electromagnetic field, which is
differently manifested in different reference systems). And the most important study
of this section is of great polytechnical importance, revealing the role of physics in
the development of modern telecommunication facilities, optical devices and more.

Analysis of the textbooks on these parameters also shows a lack of consistency,
but allows us to distinguish from the variety of approaches unique and typical,
presented in different forms. For example, the volume of sounds, noise levels
and their effect on humans can be represented in the form of a table [12], in the
form of a scale [10, 11], a visual table [9]. Given that students do not study the
formation of oscillations in the oscillatory circuit, the mechanism of formation and
propagation of electromagnetic waves can be differently represented: a theoretical
presentation of the material using an analogy with mechanical waves [8, 9, 12],
a thought experiment [11], a description of a real experiment [10]. All authors
emphasized the case that the hypothesis of the existence of electromagnetic
waves formulated by James Maxwell on the basis of his theoretical findings was
experimentally proved by Heinrich Hertz.

Even more diverse is the consideration of the physical basics of modern wireless
communications and communications. Since there are no indications in the curriculum
of which examples can reveal these physical basics, the authors chose at their discretion.
This is cellular (mobile) communication [8, 9, 10, 11], radar [8, 9, 10, 12], radio [9,
10, 12], television [12], radio telephone [11], satellite communication [8, 9, 10, 11],
GPS navigation system [11], Internet [11], email [11], Wi-Fi technology [9, 10, 11],
Bluetooth technology [10], remote controls [10]. At the discretion of the authors,
guestions were also raised about ways of encoding information. In the textbooks
[9, 10, 12] the processes of modulation and detection are openly disclosed, in the
textbook [10] the analog and digital signals are mentioned.

Comparison of mechanical and electromagnetic waves, the detection of their
similar and different properties was described as in the text of the relevant paragraphs
in all textbooks without exception. As a generalization in the form of table and scale
the comparative properties of mechanical and electromagnetic waves are presented
in the textbook [10].

Conclusions of the study and prospects for further exploration in this direction.
Our analysis shows that the problem of implementing the content of the section
«Mechanical and electromagnetic waves» in the textbooks for 9th grade gymnasium
is quite relevant and the conclusions we obtained during the study can be generalized
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in solving the problem of structuring and selection of content of the school course of
physics, and will be in an opportunity for future curriculum developers and textbook
authors. The first thing we pay attention to is the change in the structure of the school
physics course. The new two-concentric structure of the school course in physics, as
noted by researchers [2, 3, 4] has both advantages and disadvantages. According to
V. Buryak, the advantage is that the basic course is indeed relatively complete and
covers a wider range of subjects. The main disadvantages in his opinion are that the
initial information about a number of physical concepts, formulas, topics is difficult
for students; certain topics are demonstrable and accessible only in upper classes; The
section «Mechanical and electromagnetic waves» is more rationally placed before the
section «Light phenomena» [2]. In our opinion, such shortcomings can be avoided if
the concept of physical education content were developed, which would substantiate
the content of the first and second concentrates, set clear tasks that should be solved
in the course of studying each section, and peculiarities of methods of studying these
issues at different stages. education. It is not insignificant, however, to track the
deployment of substantive issues that are studied in propedeutical science courses
in elementary school and in 5 (6) high school classes.

The next is a proposal to improve the structure and content of the curriculum.
Structuring the content of educational material in the school course of physics take
different approaches, but in any case it should cover: phenomena and processes,
fundamental experiments, basic concepts and values, models, principles, laws and
laws, theories, practical application of theoretical material. The selection of these
components in the curriculum should set out a compulsory list of first-time students
in the basic course, who must repeat the second-degree physics course and those who
will study there for the first time. The wording of the substantive questions should
not be taken as a hypothetical title for the paragraph or paragraph of the textbook.
Rather, these should be methodological and substantive guidelines, tasks that must be
addressed in the course of studying a particular section/topic. And most importantly,
a clear description of the expected results that students should achieve in studying
the relevant section and course as a whole.
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OCOBJINBOCTI PO34LNTY «MEXAHIYHI M ENEKTPOMATHITHI XBU/I»
B MIAPYYHUKAX DISUKU 9-TO KNTACY

Y cTaTTi pO3rNAHYTO MeToAMYHY Npobnemy peanisauii 3micTy posginy «MexaHiuHi i
e/1eKTPOMArHiTHI XBUAI» B NiAPYyYHUKAX ANA 9-ro Knacy riMHasii, AKMI BnepLue BKAYEHO
40 Kypcy $i3vKn OCHOBHOI WKoAK (rimHasii). 3 Lieto MmeTolo NpoaHani3oBaHO 3MiCT HaBYa/lb-
HUX Nporpam i N’ATK NiAPYYHUKIB Pi3HMX aBTOPCbKUX KONEKTUBIB, AOCNIAKEHO NPUHLMMN
CTPYKTYPYBaHHA 11 o6OpYy 3MiCTy HaBYaIbHOTO MaTepiany B HaBYa/lbHUX Nporpamax i nia-
PYYHMKaX, METOAMYHI NpUiMioMM NOBOYAOBM TEKCTIB M iNHOCTPALiN y NiApyYHUKAX, edeKTuB-
HiCTb METOAMYHOrO anapaTty NiaApy4YHMKIB. AHaANI3 3aCBiAYYE, WO peanisauia NporpamHoro
maTepiany 3giicHeHa 3 pisHUM CcTyneHem Aob6opy 3MicCTy, i Le Npu Tomy, LLO B KOXHOMY
ABTOPCbKOMY KONEKTUBI € MpeacTaBHUK pobOoYOT rpynu 3 HAaNMCaHHA HaBYaAbHOI Nporpa-
MU. PisHMMUM € 1 MeToZ0N0TIYHI NiAXOAN, AKI 3aCTOCOBYBaNAN aBTOPU, BUXOAAUM i3 3aBAaAHb,
AKi, Ha IXHIO AYMKY, MaloTb ByTK po3B’sA3aHi B NpoLeci BUBYEHHSA Lboro po3ainy. Ocobnu-
BY TYP6OTY BUK/INKAIOTb Pi3Hi 03HAaYeHHA OCHOBHUX Qi3UYHUX NOHATL | BEIMYMH LbOTO
po3ainy, ix KiNbKicTb y NiAPyYHMKaAX. YHUKHYTM NoAibHUX HeoiKiB, HA NOrNsa aBTopis,
MO3KHa, AK6M Byna po3pobaeHa KoHuenwuis 3micTy ¢isnyHoi 0CBiTH, WO 06rpyHTOBYBaNa 6
3MiCTOBE HAaMOBHEHHA NepLIOoro i 4PYroro KOHLEHTPIB, CTaBMAA YiTKi 3aBAAHHA, AKI MalOTb
6yT po3B’A3aHi B NpoLeci BUBYEHHA KOXKHOIMO po3ainy, ocobanMBOCTi METOAMK BUBYEHHSA
LMX NUTaHb Ha Pi3HUX CTYNeHAX OCBiTW. 3a3HATK 3MiH Ma€ i CTPYKTypa HaBYa/IbHOI nporpa-
MU. 30KpeMa, y Hit MatoTb ByTM YiTKO BKasaHi ABuLa i npoueckn, GyHAaMeHTaNbHI 4OCAi-
AU, OCHOBHI NOHATTA 1 BENIMYMHUN, MOAENI, MPUHLMMN, 3aKOHWU Ta 3aKOHOMIPHOCTI, Teopii,
NpaKTUYHE 3aCTOCYyBaHHA TEOPETUYHOIrO MaTepiany. BUOKpemMneHHA LMX CKNafHUKIB y Ha-
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BYa/IbHIN Nporpami Mae 3aaBatv 060B’A3KOBMI Nepesik TakuX, WO BNepLle BUBYAOTLCA Y
6a30BOMY KypCi, AKi NOBUHHI ByTV NOBTOPEHI B KypCi Qi3MKKN APYroro KOHUEHTPY, 1 TaKuXx,
LLLO BUBYATUMYTbCA Tam yneplue. PopmyntoBaHHA 3MICTOBUX NUTaHb HEe MOBUHHE cnpuiima-
TUCb K rinoTeTM4YHa Ha3Ba NyHKTY abo naparpada nigpyyHuka. Lsmawe, ue mawoTb 6yTH
METOA0NOTIYHI 1 CYTHICHI OPIEHTUPK, 3aBAAHHA, AKI NOBUHHI ByTM po3B’A3aHi B npoueci
BMBYEHHA TOrO YM TOTO PO34iny/Temu. |, HalroNoBHiILe, YiTKMIK ONUC OYiKYBAHMX pPe3yb-
TaTiB, AKMX MalOTb AOCATTU YYHI MiZ Yac BUBYEHHSA BiANOBIAHOIO PO3A4iny i Kypcy B Liomy.

Knarwyoei cnoea: nigpyvyHuK, KoHuenuwia amicty ¢isM4HOi OCBITU, MexaHiuHi 1
€/1eKTPOMArHiTHI XBUi.

Amumpulii 3acekuH, KaHOUOam nedaz2o2uyveckux HayK, cmapwull Hay4yHell co-
mpyOdHUK, cmapwuli Hay4YHbIl compydHUK omodena buo102u4ecKo20, XUMU4eCcKo20 U
¢husu4eckoeo obpasosaHua MHcmumyma nedazo2uku HAIH YkpauHel, 2. Kues, YkpauHa

OCOBEHHOCTU PASAENA «MEXAHUYECKUE N DJTEKTPOMATHUTHDIE
BOJIHbI» B YHEBHUKAX ®U3UNKW 9-TO KJIACCA

B cTaTbe paccmoTpeHa meTogmyeckas npobaema peanvsaumm CoaepKaHus pasgena
«MexaHUYecKmne 1 31eKTPOMarHUTHbIE BOHbI» B yYebHMKaX A48 9-ro Knacca rMmHasuu.
[aHHbIN pa3gen Bnepsble BKAOUYEH B 6a30BbIi KypC GU3MKM OCHOBHOI LLIKOIbI, MO3TOMY BO3-
HUKaeT npobnema 060CHOBaHMA KOHLENLUMM pa3aena Kak CoCTaBAAoLLEN LLeNOCTHOro Kypca
$U3MKM oA 3aBeeHui obliero cpeaHero obpasosaHua. C 3ToOM Lenblo NPoaHaAN3MpPoBaHO
cofeprkaHue y4ebHbIX Mporpamm n y4ebHMKOB, UCCNe0BaHbl MPUHLMIbI CTPYKTYPUPOBaHMA
1 oTbopa coaepaHna yuebHoro matepmana B ydebHbix Nporpammax v yuebHukax, metogmnye-
CKMe Nprembl NOCTPOEHMA TEKCTOB M UAIOCTPaLMIA B yuebHUKaX, 3G GEeKTUBHOCTb METOAMU-
Yyeckoro annaparta y4ebHUKOB. B pe3syabTate aHann3a NatTn y4ebHUKOB PasHbIX aBTOPCKUX
KO/INIEKTUBOB YCTAHOB/IEHO, YTO OHW OTAMYaAlOTCA MYBUHON 1 AeTann3aumein cogepKaHus
pasgena, pasnnyHbiMMU GOPMYINPOBKAMM OCHOBHbIX MOHATUI U UX KoAnYecTBoM. M36exaTb
Nofo6HbIX Pa3HOrNACUIA MOXKHO, ECIM U3MEHUTb CTPYKTYPY y4ebHO Nporpammbl, Bblaenas
B Hel ABAEHMA 1 nNpouecchl, dyHAaMeHTasIbHbIe OMbITbl, OCHOBHbIE MOHATUSA U BEJINUYMNHDI,
MOAENM, MPUHLLMUMbI, 3aKOHbI M 3aKOHOMEPHOCTH, TEOPUK, NPAKTUYECKOE NPUMEHEHME Te-
opeTtuyeckoro matepuana. [lonskeH 6biTb yKasaH 0b6s3aTesibHbIA NepeyeHb COCTaBAAOLLMX,
BMnepBble U3yYyaeMblx B 6a30BOM Kypce, 1 TeX, KOTOpPble A0NXKHbI BbiTb MOBTOPEHbI B Kypce
dU3MKKM BTOPOro KOHUEHTPA. M, camoe rnaBHoe, YeTKoe ONmncaHue OXKMUAAaeMblX pesyibTa-
TOB, KOTOPbIX AOKHbI A4OCTUYb YYallMecs NPy N3y4eHMn COOTBETCTBYHOLLENO pasgena u
Kypca B uesnom. Cnocobbl nogaduun matepuana, MANOCTPALMUM, CUCTEMbI 3a4aHMUI, CTPYKTYpa
Y4EB6HUKOB NPU 3TOM MOTYT BbITb PA3MYHbLIMM, B 3aBUCUMOCTM OT aBTOPCKOM KOHLLENUUN.

Knroueesle cn06a: y4ebHUK, KOHLENUUA coaepsaHna pusmnyeckoro obpasosaHums,
MEXaHUYECKME N SNEKTPOMarHUTHbIE BOJIHbI.
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