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Designing of the multimedia presentations on the example of the section:
«Mechanical oscillations and waves» and their use in high school
and school courses of physics

In teaching physics, as well as in teaching other subjects, various methods of training have to be applied. At
the choice of these or those methods of training it is necessary to consider, first of all, character of the educa-
tional tasks solved at a lesson, age features of the studying senior classes, students their aspiration to inde-
pendent judgments, the level of the informative abilities which are available for them. In the article multime-
dia presentations are considered on the example of the section: «Mechanical oscillations and waves» and their
use in university and school physics courses. The relevance of the article is the need to develop a methodolo-
gy for presenting the topic so that it can be used to implement both basic and specialized education in the
school and at the university in the course of general physics. The theory of the question.is briefly stated. Kin-
ematic and dynamic analyzes of the oscillatory process are presented. The features of the content of this topic
are analyzed in the university course of physics.

Keywords: mechanical oscillations and waves, harmonic oscillations, physical and mathematical pendulum.

Oscillations are called movements or processes which are.characterized by a certain recurrence in time.
Oscillatory processes are widespread in the nature and technique, for example rolling of a pendulum of
hours, an alternating electric current and so on. In case of an oscillating motion of a pendulum the coordinate
of its center of masses changes, in case of an alternating current tension and a circuit current fluctuate. The
physical nature of oscillations can be different therefore mechanical, electromagnetic and others distinguish
oscillations. However various oscillatory processes are described by identical characteristics and the identical
equations. From here expediency of uniform approach to studying of fluctuations of various physical natures
follows. For example, uniform approach to studying of mechanical and electromagnetic oscillations was ap-
plied by the English physicist D. Rayleigh (1842—1919), A.G. Stoletovy, Russian engineer, P.N. Lebedev
(1866—-1912). The big contribution to development of the theory of fluctuations was made by the Soviet
physicist L.I. Mandelstam (1879-1944) and his pupils.

Fluctuations are called free (or own) if they are made due to originally reported energy at the subse-
quent absence external impact on oscillatory system (the system making fluctuations). The simplest type of
fluctuations is harmonic oscillations— fluctuations in case of which the fluctuating size changes under the
law of a sine (cos) over time. Consideration of harmonic oscillations is important for two reasons: 1) the
fluctuations which are found in the nature and equipment often have the character close to harmonic; 2) vari-
ous periodic processes (the processes repeating at regular intervals) can be presented as imposing of harmon-
ic oscillations. Harmonic oscillations of size x are described by the type equation

x=Acos(wyt+ ), (1
where 4 — the maximum offset of the fluctuating material point called by vibration amplitude; ®, — circu-
lar (cyclic) frequency; ¢ — initial phase of fluctuations; (w,f + @) — phase of fluctuations in a timepoint ¢.

As the cosine changes ranging from +1 to —1, that x can accept values from +A to —A.
Certain conditions of the system making harmonic oscillations repeat through a period T called by the
fluctuation period for which the phase of fluctuation receives an increment 27, that is
0,(t+T)+ o= (0, +¢)+2m,

from here
r=2", @)
('00
Size, the return to the period of fluctuations,
1
v=—, 3
T (3)
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that is the number of the full waves made in unit of time is called oscillation frequency. Comparing (2) and
(3), we will receive
W, =27V .
Frequency unit — hertz (Hz): 1 Hz — frequency of periodic process in case of which for 1 s one oscil-
lations is made.
We will call the speed and acceleration of the fluctuating material point:

% =—Aw, sin(®,f + Q) = Aw, cos(mot +0 +g} ; )
dzx 2 2
al — Ay, cos(@,f + @) = A ; cos(®yt + P+ ) )

that is they change under the harmonious law with the same cyclic frequency. Amplitudes of sizes (4) and (5)
are respectively equal Aw, and A(né. Speed phase (4) differs from a size phase (1) on @/2. Therefore, in

. . dx . : .
time points, when x =0, = gains the greatest values; when x reaches the maximum negative value, that
t

2

i gains the greatest positive value [1-3].

Harmonic oscillations are kinematic analyzed by means of a method of the rotating amplitude vector, or
a method of vector charts. For this purpose from any point O, chosen on an axis:x, at angle ¢, equal to an

initial phase of fluctuation, the vector is postponed A, which module is equal to amplitude A the considered
fluctuation (Fig. 1). If to bring this vector into rotation with an"angular speed w,, that the projection of the

end of a vector will move on an axis x and to accept values from = A to + 4, and the fluctuating size will
change under the law over time x = Acos(wo + @). Thus, harmonic oscillation can be presented a projection
to some randomly the chosen amplitude vector axis A, postponed from any point of an axis at an angle ¢,
equal to an initial phase, and rotating with an angular speed @, around this point.

Figure 1. Harmonic oscillation in the form of a projection

In physics other. method which differs from a method of the rotating amplitude vector only on mathe-
matical design is .often applied. In this method offset of the material point is represented a complex number.
Accordingto Euler's formula, for complex numbers

e =cosa+isino, (6)
where i =~/=1"— imaginary unit. Therefore equation of harmonious fluctuation (1) it is possible to write
down in an exponential form:

¥ =AM, (7)
Material part of expression (7)
Re(X) = Acos(wyt +@)=x
describes harmonic oscillation. The designation Re of material part further we will agree to lower and (7) we
will write down in a look
x = Ae" ™Y

In the theory of fluctuations is accepted that shift x equally material part of the complex expression

standing in this equality on the right.
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Let the material point make rectilinear harmonic oscillations along an axis x about position of the bal-
ance taken for the beginning of coordinates. Then dependence of coordinate x on time of t is set by the equa-
tion similar to the equation (1):

x=Acos(®yt+ ). ()

According to expressions (4) and (5), speed v and acceleration a the fluctuating point respectively are

equal
v =—A®, sin(®, + Q) = Aw, cos(w,t +Q+1/2);
a =—Aw; cos(wyt + Q) = Aw; cos(wyt + Q+T) . 9)

The force F' = ma, acting on the fluctuating material point with weight m, taking into account (8) and
(9) equal to

F=— mmozx.

Therefore, force is proportional to the shift of a material point from position of balance and is sent to

the opposite side (to balance position) [4, 5].

Kinetic energy of the material point making rectilinear harmonic oscillations is equal.
2,2

P omAw; .

’"; =%sm2(wot+<p). (10)

Potential energy of the material point making harmonic oscillations under the influence of the elastic
force of F is equal

T =

X 2.2 A2 2
H:—dex:m(’;’x =2 o2 (@, + 9) (11)
0
Having put (10) and (11), we will receive a formula for a total energy:
E=T+I=mAo; /2. (12)

The total energy remains to a constant as in case of harmonic oscillations conservation law of mechani-
cal energy as elastic force is conservative is fair.

Harmonic oscillator is called the system making the fluctuations described by the look equation:

i+apx=0. (13)

Fluctuations of a harmonic oscillator are’an important example of a periodic example of the movement
and serve as exact or approximate model in many problems of classical and quantum physics. So a harmonic
oscillator is spring, physical and mathematical pendulums, an oscillatory contour (for currents and tension so
small that elements of a contour could be considered linear).

The spring pendulum is the freight the mass of m suspended on absolutely elastic spring, making har-
monic oscillations under the influence of elastic force: F'=—kx, where k — the elasticity coefficient in case
of a spring called by rigidity: Equation of the movement of a pendulum

" .k
m¥=—kx or Xx+—x=0.
m

From expressions (13) and (1) follows that the spring pendulum makes harmonic oscillations under the
law x = Acos(wyt + @) with a cyclic frequency

o, =k Im (14)

T=2ndm/k . (15)

The formula (15) it is fair for elastic fluctuations in limits in which Hooke's law that is when the mass
of a spring is small in comparison with body weight is carried out.

Potential energy of a spring pendulum is equal:

H=kx*/2.

The physical pendulum is the solid body making by gravity fluctuations around the motionless horizon-
tal axis of a suspension which isn't passing through the center of masses C a body [6].

The mathematical pendulum is the idealized system consisting of a material point the mass of m sus-
pended on an inextensible weightless thread, and fluctuating by gravity. Good approach of a mathematical
pendulum is the small heavy ball suspended on a thin long thread [7-9].

and period
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Moment of inertia of a mathematical pendulum
J=ml*, (16)
where ¢ — pendulum length.
As the mathematical pendulum can be presented as a special case of a physical pendulum, having as-
sumed that all his weight is concentrated in one point — the center of masses, having substituted expression

(16) in the formula 7 =2n/®, =27 /( Jg) =27 \/Z, we will receive expression for the period of small
mg g

fluctuations of a mathematical pendulum

T=2nl/g. (17)

Due to the increase of scientific-theoretical level of a course of physics at high schoolncreasing it is
given to the solution of physical tasks.

It is aware physics of high school to overestimate educational, polytechnic and educational value of
tasks difficult. Without solution of physical tasks, the course of physics can't be acquired:-At the majority of
schools the considerable attention is paid to the solution of physical tasks. Nevertheless, many pupils con-
stantly experience difficulties in the solution of tasks that visually it is found at final and school examina-
tions, and at entrance examinations in higher education institutions. It speaks not only complexity of this
type of occupations for pupils, but also shortcomings of selection and a technique of the solution of tasks of a
school course of physics.

Questions of a technique of the solution of tasks on physics at high school are of particular importance
now. An effective objective teachers allow to acquaint with the most general acceptances and methods of the
solution of standard tasks which create physical thinking ofpupils to them the corresponding practical
skills [10].

The solution of tasks is the integral component of educational process because allows to form and en-
rich physical concepts, develops physical thinking of pupils, their skills of application of knowledge in prac-
tice. In the course of the solution of tasks diligence, inquisitiveness of mind, independence in judgments are
formed, interest in study is cultivated, the will and character becomes tempered, ability to analyze the phe-
nomena, to generalize the information about them and so forth develops. A big role of tasks in implementa-
tion of the polytechnic principle of training. The solution of tasks is way of check and systematization of
knowledge, gives the chance to rationally carry out repetition, to expand and deepen knowledge, promotes
formation of outlook, acquaints with achievements.of science, equipment to that other.

We will consider as examples of a problem of the increased complexity (high school tasks).

Ne |

In Earth the direct tunnel which isn't passing through her center is dug. Determine time of the move-
ment of the train with the switched-off engines by such tunnel if to neglect influence of rotation of Earth on
the movement of the train and friction [11; 97].

— Draw the Earth's radius R to the beginning and end of the
tunnel. We obtain an isosceles triangle. From its top drop a per-
pendicular to the base, which is the median and bisector? Con-
sider a body at a distance x from the base of the perpendicular
O’ and the law of universal gravitation determine the force ex-

erted on the body by a sphere of radius x.

| oM.
X
We find the mass of the ball:
M(x)= pgnxi
where p — Earth's density.
4 ,
m-p M,
Figure 2. The tunnel dug in Earth F= 7—32) = ETC’Ympx.
X

It is easy to see that this is a quasi-elastic force; that is the nature of body movements — vibration.
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It is known that
k=mw",

where @ — cyclic frequency m= \/E = 2—; factor is: k= gnymp .

m
. . T
Go to the period. Interest to us time T= 7

Ne 2
The particle makes harmonic oscillations along an axis x under the law x = acos o . Considering, prob-
ability W of finding of a particle in an interval from —a to +a equal to 1, to find dependence from x probabil-

ity density dW/dx, where dW — probability of finding of a particle in an interval from x to x+dx. Torrepre-
sent the schedule dW/dx depending on x [12; 97].

Given:
X=acosmt d:i
dW(x) = w(x)dx | | | X
w(x) —? = ——
0
%

dW(x) — probability of finding of the fluctuating particle in the range fromx to x+dx; w(x) — probabil-
ity density.
Temporary definition:

awe) = &,

2
where df — the particle time spent in the specified interval, 7' — period.

dW(x)= % =w(x)dx .

2
From here
W= 2 2o A2 el 1 1
pd Ty 2N o Tasin®t  ma1-cos’ar  mia® —x ’
dt 0}

SO w(x)—;

’ wa® —x°
Ne 3

Liquid volume ¥'= 16 cm? it is poured in curved U-figurative tube with the cross-sectional area of the
channel S = 0,50 em?. Neglecting viscosity, to find the period of small fluctuations of liquid [13; 23].

Given: g
V=16 cw =1,6:10° m’

U=<tube

S=0,5cm*=0,5-10" M T =
n—>0 71

7=2

' ,l
mg Vg 7 7

Fluctuations are caused by quasi-elastic force (at the expense of gravity), as at a mathematical pendu-
lum. On a condition they — not fading.

T=2m [—,
2g
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where L — plays a role «pendulum lengthsy; V'=1-§; Z:K; T=mx 2r .
2 S S-g

We consider: 7= 0.8 c.

It is known that the pedagogical technology is an answer to the question «how to learn?». There are
technologies of training, education, social and educational and only about 500 educational technologies.
Thus pedagogical technology — the phenomenon multidimensional [14—16].

In February, 2016 on a subject pedagogical experiment in Nazarbayev intellectual school of the city Ka-
raganda in the 9th class has been made.

It included formativny estimation and independent work.

For check of level of digestion of material on a subject by students the Hag of Ye.A.Buketovashave car-
ried out a physical dictation and trial testing.

Results are analyzed.

Thus, results of training of pupils and students on the subject «Mechanical Oscillations and Waves» are
presented in the offered article, starting with the analysis of theoretical material, selection of problems of the
increased complexity with use of the multimedia presentations finishing with an assessment of level of diges-
tion of material by them.

In conclusion we will note the following: use of interactive technologies, in particular the multimedia
presentations, allows to select, analyze and illustrate competently theoretical material on any subject; to fa-
cilitate the solution of problems of the increased complexity that it is especially important when studying
such difficult subjects as «Mechanical oscillations and waves» especially as the first task, for example, con-
nects on the one hand, gravitational interactions, and about other, oscillatory process; the second task is very
unusual according to the contents — is devoted to a linear harmonic. oscillator, and it is necessary to find
probability of finding of the fluctuating material point in an elementary interval of coordinates, and it is pure-
ly statistical task from molecular physics.
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«MexaHHKAJBIK TepoeJaicTep MeH TOJKbIHAAP» 00JiMiHIH
MBbICAJIBIHAA MYJIbTHMEINAJIBIK Mpe3eHTAIMSJIAPABI d3ipJiey
JKOHe 0J1apAbl MEKTeN KaObIPFACBhIH/IA JKOHE KOFAPFbI OKY OPHBIH/AA KOJAAHY

Ousukanan cabak O6epy OGapbichiHAa, Oacka 1a OKy ISHIEpi CHUSAKTBI, TYPJi OKBITY dIiCi KOJAAHBUIYBI THIC.
Kes kenreH okpITy onicrepi Tanaay GapbIChIHIA, €H alAbIMEH, CAa0aKThIH OKY MIHACTTEPiHIH CHUIIAThI XKOHE
JIe KOFapbl CHIHBIN OKYIIBUIAPBI MEH CTYASHTTEPJIH Kac epeKIIeNKTepi, 0JapAblH TaHBIMIBIK KabineTTepin
JKOHE JEHTeHiH eckepy Kaker. Makamana «MexaHUKaNBIK TepOelicTep MEH TOJKBIHIApy OemiMiHiH
MbICAIIBIH/IA MYJIBTUMEIHAIIBIK TYCayKecep 93ipiiey jKoHE Oylaplbl MEKTEI KYpPChIHJA, COHIal-aK »KOFapEbL
OKy OpHBIH/Aa HaiilaNaHbUIybl KapacThIpbUiFaH. TeopHs Moceleci KbICKalla TalKbUIAaHABL TepOenmeni
YPIICTIH KMHEMAaTHUKAJbIK JKOHE AWHAMHUKAJIBIK Taijaybl YChIHbUIABL JKoFaprbl OKy OpHbIHZA (Gu3nKa
0o iMiHIE OCHI TAKBIPBINTHIH Ma3MYHIBI €PEKIICTiri TaamgaHabl. MaKalaHbIH ©3CKTLTIr OOJBIT MOTIHHIH
Ma3MYHJBIK 9JicTeMeciH o3ipyeyi, 0a3aibIK, JKajimbl, KOCIimTiKk OimiM OepeTiH MekrenTepnae . api
YHUBEPCUTETTET1 (PU3NKAHBIH XKaJIbl 06TIMiH/e KOJIIAHBICKA SHIi3y TaObLIaabL.

Kinm ce30ep: MexaHHKaNbIK TepOenicTep MEH TOJKbIHIAP, FapMOHUKAIBIK TepOermictep, (pU3MKAIBIK HKIHE
MaTeMaTHKAJIbIK MasTHUK.

JL.®. Unpuna, A.A. Xapucosa

Pa3paboTka myJabTHMEIMHHBIX NIPEe3eHTAIIMIA HA MPUMepPe pa3jeJia
«MexaHnuyeckue KoJie0aHUs U BOJHbD) W HX HCNOJb30BaHHE
B BY30BCKOM M IIKOJbHOM Kypcax ¢pusuku

B npenopaBannu Gpu3KMky, Kak ¥ B NPEHOJABaHUM IPYTHX. yUeOHBIX MPEIMETOB, AODKHBI IPUMEHATHCS pa3-
HOOOpa3Hble MeToabl 00yueHHs. [Ipu BeIOOpE TeX MIIM MHBIX METOI0B OOY4EHHS CIeIyeT yYHTHIBATh, IPEX-
JIe BCEro, XapakTep pellaeMbIX Ha ypoke ydeOHBIX-3ajad, BO3PacTHbIE OCOOCHHOCTH YYAIUXCS CTapIINX
KJIaCCOB, CTYJECHTOB, UX CTPEMIICHHE K CAMOCTOSTEIBHEIM CYXXICHUSIM, YPOBEHb UMEIOIINXCS Y HUX MO3Ha-
BaTeJILHBIX yMeHHH. B cTaThe paccMOTpeHBI MyJIbTHMEIMHHEIE IIPE3CHTAMN Ha IpuMepe pasiena «Mexa-
HUYECKUE KOJIeOaHHsI M BOJIHBI» U UX HCIIOIB30BaHUCE B BY30BCKOM M IIKOJBEHOM Kypcax (PM3MKH. AKTyaib-
HOCTb CTaThM 3aKJIIOYaeTcs B HEOOXOJMMOCTH Pa3paOOTKH METOIAMKH M3JIOKEHHS TeMbl C TeM, YToObI ee
MOJKHO OBUIO HCHOJIb30BATh MPU Pealu3alii Kak 0a30BOro, Tak U NPOQHILHOr0 00pa30BaHus B LIKOJE U B
YHHUBepcurere B Kypce obuieil pusnkn. KpaTko H3J10keHa TEOpHs BONPOCA, a TaKXKe IPEACTaBIeH KHHEMaTH-
YeCKUi M JMHAMMYECKUI aHaIn3bl KojebaTesnbHoro npouecca. [IpoaHanu3upoBaHbl OCOOCHHOCTH COAEpkKa-
HUSI JaHHOW TEMBI B By30BCKOM Kypce (hH3HKH.

Kuouesvie cnosa: MexaHUIECKHE KONcOaHUS U BOJIHBI, TapMOHHUYCCKHUC KOJ'Ie6aHI/I$I, (1)PI3PI‘{CCKI/II>‘I "
MaTeMaTHYECKUI MasTHUK.
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