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sciences in the Emerging Sources Citation Index demonstrates our dedication to providing the
most relevant and influential content of geology and engineering sciences to our community.

KaszakcmaH Pecniybnukacel ¥immbiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonozausi xoHe
MmexHUKarbIK FbiribiMOap cepusicbl” fbinbIMU XKypHanbiHbiH Web of Science-miH xaHanaHfFaH Hyckachl
Emerging Sources Citation Index-me uHOekcmernyze KabbindaHraHblH xabapsaldel. byn uHdekcmerny
b6apbiceiHOa Clarivate Analytics komnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xeHe the Arts & Humanities Citation Index-ke kabbinday maceneciH
Kapacmbipyda. Webof Science sepmmeywinep, aesmopnap, 6acnawhbinap MeH MekeMmesriepee KOHmMeHm
mepeHdiei MeH canacbiH ycbiHalbl. KP YFA Xabapnapbi. [eonoeusi XeHe MeXHUKasbIK fblibiMOap
cepusicbl Emerging Sources Citation Index-ke eryi 6i30iH KoramOacmbiK YWiH eH e3ekmi xoHe 6edesnodi
2e0/102Us1 XKoHe mexHUKarbIK FbliibiMOap 6olbiHWa KoHmeHmke adanobifbiMbi30bi 6indipedi.

HAH PK coobuwaem, 4mo HayuyHbll xypHan «Mseecmuss HAH PK. Cepusi 2eonoauu U mexHu4eckux
Hayk» 6bin npuHsam 0ns uHlekcuposaHusi 8 Emerging Sources Citation Index, o6HoeneHHol eepcuu Web
of Science. CodepxaHue 8 amom UHOeKcuposaHUU Haxodumcsi 8 cmaduu pacCMOmMpeHUs: KoMmrnaHuel
Clarivate Analytics Ons OanbHelweao npuHsmus xypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadyecmeo u eanybuHy KoHmeHma Ons uccriedosamesiel, asmopos, u3damesiell U y4pexoeHudl.
BkriroueHue Uzsecmusi HAH PK. Cepusi eeonozuu u mexHudeckux Hayk 8 Emerging Sources Citation
Index demoHCmMpupyem Hawy rnpueepXxeHHoCcMb K Hauboriee akmyarnbHOMY U 8/IUSIMEsIbHOMY KOHMeHmy
10 2e0/102UU U MeXHU4YeCKUM Haykam Oris Hauleeo coobwecmsa.
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CALCULATION AND VISUALIZATION
OF OSCILLATING SYSTEMS

Abstract. The article presents the calculation and visualization of natural, damping and forced oscillations of a
harmonic oscillator. The input parameters are the natural frequency, the initial coordinates and velocities of the
system, the frequency of the driving force and its amplitude. The program is worked out and calculations and
visualization of the oscillating system are carried out using the MatLab language: there are the graphs of the
coordinates and system velocities versus time for natural, damping and forced oscillations of the harmonic oscillator.
For damping oscillations such graphs are drawn at various magnitudes of the damping coefficients. The system of
differential equations is solved by using the ode45 procedure. The program allows carrying out the experiments at
different values of the input parameters. It is shown that the coordinate and velocity amplitudes of the damping
harmonic oscillations exponentially decrease with time and asymptotically approach zero. This happens because the
friction force work dissipates the oscillator energy. In a forced oscillation the system oscillates with the frequency of
the driving force. There are assignments for student’s self study. The results of calculation and visualization of the
oscillating systems are used in the theoretical mechanics.

Key words: harmonic oscillator, natural, damped and forced oscillations, damping coefficient, natural
frequency, driving force.

Introduction. Nowadays all educational institutions of Kazakhstan are provided with computer
hardware and software, interactive boards and internet. Almost all teachers have completed language and
computer courses for professional development. Hence the educational institutions have all conditions for
using computer training programs and models for performing computer laboratory works. During several
years we have been conducting the work on organization computer laboratory works on physics with use
of resources of the Fizikon Company [1, 2] which are developed at Al-Farabi Kazakh National University
by V.V.Kashkarov and his group. Some of worksheet templates for computer laboratory works are
introduced in educational process of our university and schools of the Southern Kazakhstan [3-31].
Students of the physics specialties 5B060400 and 5SB011000 successfully master the discipline “Computer
modeling of physical phenomena” which is the logical continuation of the disciplines “Information
technologies in teaching physics” and “Use of electronic textbooks in teaching physics”. The aim of this
discipline is to study and learn the MATLAB program language [32] system, acquaintance with its huge
opportunities for modeling and visualization of physical processes. The present article is devoted to
calculation and visualization of natural, damping and forced oscillations of a harmonic oscillator by using
the package of MATLAB applied programs.

Formulation of the problem. The natural oscillations of a harmonic oscillator (spring-mass
system) is described by differential equation of the second order:

i+w’x=0

k
where @° =—, and k is the rigidity of the spring, m is the mass of the oscillator.
m
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For solving this equation we transform it into two differential equations of the first order and then use
the ode45 procedure.
) dx
*+w’x=0, —=uv,
dt dt

Let us to introduce new denotations z(1)= x; z(2)=dx/dt and then write the initial equation in the form
of system of differential equations of the first order. Solution of these equations requires creation of m-file
under the name Oscillator.m.

The listing of m-file

function dy=Oscillator(t,z);

global w; %input the natural frequency of a harmonic oscillator

dy=zeros(2,1);% input the column-vector with dimension 2 x1

dy(1)=2z(2);% input the equivalent differential equation

dy(2)=-w"2*z(1);% input the equivalent differential equation

end

The parameters of the oscillator are introduced in the command line in the form of comments.

In the command line we write

>> global w; % cyclic frequency

>>k=9; % rigidity coefficient

>>m=1; % the oscillator mass

>> T=2*pi*sqrt(k/m); % calculation of the oscillation period

>> w=2%*pi/T; % calculation of the natural cyclic frequency

>>1r0=[0.5 1]; % the initial conditions

>> [t,Z]=o0de45('Oscillator',[0:5*T/5000:5*T],r0); % solution of the system of % ordinary differential

equations (ODE)

>> figure(1); plot(t,Z(:,1)); % visualization of the dependence x=x(t)

>> grid on % drawing the coordinate grid

The result is presented in the figure 1.

Figure 1 — The graph of the harmonic oscillator coordinate versus time

>> figure (2); plot(t,Z(:,2)); % visualization of the dependence v=v(t)

>> grid on % drawing the coordinate grid

The result is presented in the figure 2.

>> figure(3);plot(Z(:,1),Z(:,2));% visualization of the trajectory in the phase plane
>> grid on % drawing the coordinate grid

The result is presented in the figure 3.
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v,m/s

Figure 3 — Phase trajectory of the harmonic oscillator

The damping oscillations of the harmonic oscillator occur at the action of two forces: the restoring
force f = -kx and the friction force f1 = -cdx/dt. Hence the equation of the damping oscillation is
d’x  dx
m—s+c—+kx=0
dt dt
It is necessary to solve this equation for the given mass and rigidity coefficient.
d’x dx
—=—pf—- @’x
dt dt

2

c k : . . . . . .
where f=—, @ =—. For solving this equation we transform it into two differential equations of the
m m

first order and then use the ode45 procedure.
dv,
dt
At first, we introduce new denotations y(1) = x; y(2) = dx/dt and then write the initial equation in the
form of system of differential equations of the first order:
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Yy,
a7 dt

Then we create the m-file of the function oscil describing the right sides of this system of equations.

The listing of the m-file of the function oscil

function dydt=oscil(t,y)

global w2 b; % input the global variables

dydt=[y(2); -w2*y(1)-b*y(2)];

Let us find the solution of the system of equations using the oe45 procedure and draw the graphs

In the command line we write

>> global w2 b; % input the global variables

>> w2=4; b=0.25; % input the parameters of the oscillator

>> x=2; %the initial coordinate

>> vx0=0; % the initial velocity

>> [t,y]=ode45(@oscil,[0 30],[2;0]); % solution of the ODE

>>plot(t, y(;, 1), -, t, y(:, 2), '--") % drawing the graphs of the coordinate and % velocity versus time

>> grid on % drawing the coordinate grid

>> xlabel('time t'); % input the title of the x axis

>> ylabel('solution x"); % input the title of the y axis

>> legend('coordinate’,'velocity'); % input the legend of coordinate and velocity

>> title('Solution of oscillations equation '); % input the title of the graph

The result is presented in the figure 4

= _C‘)Zyz - By,

Solution of oscillations equation
T i

coordinate
| — elocity

solution x

Figure 4 — The dependence of the velocity and coordinate of the harmonic oscillator upon the time

>> % The damping coefficient b=0.5

>> w2=4; b=0.5; % input the oscillator parameters

>> x=2; %the initial coordinate

>>vx0=0; % the initial velocity

>> [t,y]=ode45(@oscil,[0 30],[2;0]); % solution of the ODE

>>plot(t, y(:, 1), -, t, y(:, 2), '=-") % drawing the graphs of the coordinate and %velocity versus time
>> grid on % drawing the coordinate grid

>> xlabel('time t'); % input the title of the x axis

>> ylabel('solution x"); % input the title of the y axis

>> legend('coordinate’,'velocity'); % input the legend of coordinate and velocity
>> title('Solution of oscillations equation '); % input the title of the graph

The result is presented in the figure 5
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Solution of oscillations equation
T 1

coordinate

| — elocity

solution x

Figure 5 — The dependence of the velocity and coordinate of the harmonic oscillator upon the time at b = 0.5

The forced oscillations of a harmonic oscillator occur under the action of a driving force F(?). Let
the driving force be a periodical one obeying the law

F(t)=F,cos(at)
where Fy = const is the amplitude of the driving force, wis the cyclic frequency.

d’x dx , F
—— =B —w'x+—Lcos(w,t
dr’ dt m (@)

c k . . . . .
where f=—, @’ =— is the square of the natural frequency of the harmonic oscillator, @; is the cyclic
m

m

frequency of the driving force and f =—Z. Let us write the initial differential equation of the second

m
order in the form of two differential equations of the first order:
dv F dx
L =—fv. —w’x+—Lcos(w,t); v, =—
dt m dt

Introducing the denotations y1 = x, y2 = dx/dt we rewrite the above given two differential equations
of the first order as the followings

d d
% =DV % = _w2y1 - By, +f- cos(a)dt)

Then create the m-file function oscilb describing the right sides of this system of equations.
The listing of m-file of the function oscilb

function dydt=oscilb(t,y)

global w b wd f; % input the global variable

dydt=[y(2); -w*y(1)-b*y(2)+ f *cos(wd * t)];

We find the solution of the system of equations using the ode45 procedure and draw the graph.
In the command line we write:

>> global w b wb f; % input the global variable

>> w=4; b=0.5; wd=6; =4,

>> x=2; vx0=0;
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>> [t,y]=ode45(@oscilb,[0 30],[2;0]);
>>p10t(t’Y(:’1)9"'5t’Y(:5 2):"");

>> grid on

The result is presented in the figure 6

X=X(t), v=M(t)

X,

Figure 6 — The dependence of the velocity and coordinate of the harmonic oscillator upon the time
atw=4,b=0.5wg=06,f=4

>>plot(t,y(:,1))
>> grid on
The result is presented in the figure 7

Figure 7 — The graph of the coordinate versus time during the forced oscillation
atw=4,b=0.5,wy=06, =4

>> plot(t,y(:,2))

>> orid on

The result is presented in the figure 8

The figures 4 and 5 show that the amplitudes of the coordinate and velocity of the harmonic oscillator
in its damping oscillation exponentially decrease with time and asymptotically approach zero.

This is because the friction force work dissipates the energy of the oscillator.
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v, m/s

Figure 8 — The graph of the velocity of forced oscillations versus time at w =4, b= 0.5, wy =6, f =4

The figures 7 and 8 present that at the action of a driving force the oscillation amplitude after a cer-
tain time stops decreasing and becomes constant because the oscillation occurs at the frequency of the
driving force.

Conclusion. The article presents the calculation and visualization of natural, damping and forced
oscillations of a harmonic oscillator. The input parameters are the natural frequency, the initial coordinates
and velocities of the system, the frequency of the driving force and its amplitude. The program is worked
out and calculations and visualization of the oscillating system are carried out using the MatLab language:
there are the graphs of the coordinates and system velocities versus time for natural, damping and forced
oscillations of the harmonic oscillator. For damping oscillations such graphs are drawn at various
magnitudes of the damping coefficients. The system of differential equations is solved by using the ode45
procedure. The program allows carrying out the experiments at different values of the input parameters.
There are assignments for student’s self study. The results of calculation and visualization of the
oscillating systems are used in the theoretical mechanics.
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K. A. KaobL16exoB , A. JI. Jacubexos, X. K. AGapaxmaHnoBa,
II. A. CaupnaxmetoB, E. b. Hcaes, b. A. Ypmaiuen

M. OyesoB ateiaaarel OHTYCTiH Ka3akcTan memieketTik , [lIsivkenT, Kasaxcran
TEPBEJIMEJII )KYWUEHI ECENITEY KOHE BEMHEJIEY

AHHOTanusi. [apMOHUKANIBIK OCHMIUIATOPIBIH €pKiH, OIINesl jXoHe MdKOyp TepOenicTepiH ecentey MeH
Oelineney ychiHbUIAABL. OCHWIATOPBIH IapaMeTpiiepl PeTiHIe OHBIH O3IHIIK JKULIIri, 6acTankbl KOOpIUHATAIAPHI
MEH KbULIaMIBIFbI, MOXKOYpJIEYIIIl KYIUTIH JKulIiri ansiarad. TepOenmeni sxyiieni Matlab nporpamMmaitsik opracsiaia
ecernTey MeH OelfHeney YLIIH mporpaMma KypbUIFaH: FapMOHHMKAaJIBIK OCLMILIATOPJIBIH €PKiH, OIIIeNl )KoHe MaxKOyp
TepOeicTepl E€CENTeNill, OHBIH KOOPAMHATAIAphl MEH KO3FaIy  >KbUIAAMIAMIIBIFBIHBIH YaKbITKA TOYEALTIK
rpaduKTepi canblHFaH. Omresni Tepoedi yiuiH enry Ko3(hGHIMEeHTIHIH ap TYpJli MoHepiHJeri rpagUKTep CalbIHFaH.
Juddepenunanapix TeHmyaep xyiecin menry ymiH ode45 mpouemypachl KongaHsUuLasl. [Iporpamma TepOeamennti
JKYHEHIH MapMeTpIIepiH e3repTe OTHIPBII SKCIIEPUMETTED JKYPrizyre MYMKIiHIIK Oeperi.

Ecenteynep mMeH OeifHeneynep HOTIDKECIHIE OINIENi TepOeNiCTiH KOOpAWHATAaIap MEH KBUITAMIBIK aMIUIH-
TyIaJTapbIHBIH YaKbIT OTKEH CAlblH 3KCIIOHCHIMAJIBl KEMHTIHI KepceTuireH, ce0ebi yiKemic KYUIiHIH >KYMBICHI
eceOIHeH OCHMUIATOP/bIH SHEPrHsCHl LIAIIbIpaiapl. An, MoxOyp TepOenicte Oenrini Oip yakpITTaH COH TepOelic
aMILIMTYJaChl TYPaKTAAThIHBI KOPCETLITeH JKOHE KAlIFaH yaKbITa MOXKOYpIIeyILi KuelikTe Tepoeseii.

O3 OeTiHIIEe KYMBIC aTKapyFa apHaifaH Tarcbipmanap OepinreH. YCBhIHBUIFAH ecenTeyjep MeH OeliHeney
HOTHKENEPI TEOPHUSIIBIK MEXaHUKA/1a KOJIJAaHbLIa bl

Tyiiin ce3mep: rapMOHUKAIBIK OCIHIUIATOP, EPKiH, OIINENi XoHe MOKOYp TepOemicrep, oty KodhGhHUIIMEHTI,
031H[IK, MOKOYPIIEYII] KHITIK, CHIPTKBI KYIIL.

K. A. KaobL16exoB, A. /1. lacudexos, X. K. A6apaxmaHoBa,
II. A. CaupnaxmetoB, E. b. Hcaes, b. A. Ypmaiuen

HOxnH0-KazaxcraHckuii ToCyJapCTBeHHBIH yHUBEpcUTET UM. M. Aya3oBa, lIpmMkenT, Kazaxcran
PACYET U BU3YAJIN3AIUA KOJIEBATEJBHBIX CUCTEM

AnHoTtanus. [Ipennaraercs pacueT n BU3yalIHM3alys CBOOOJHOTO, 3aTyXalOIIET0 U BHIHYKICHHOTO KOeOaHuit
TapMOHHYECKOT0 OCHMIUIATOOpA. BXOoAHBIMU mapameTpaMy SIBISIOTCS YacTOTa COOCTBEHHOrO KojieGaHWs, Hayaib-
HbIE KOOPJMHATHI ¥ CKOPOCTU CHUCTEMBI, 4aCTOTa BBIHYKAAIOIIEei cuibl u ee ammuintyaa. CocraBieHa nporpaMMa u
NIPOBEJICHBI pacyeThl M BU3yalM3alusl KojebarenbHOl cucteMbl B cpeie Matlab: moctpoeHs! rpaduky 3aBUCUMOCTH
KOOPJMHAT U CKOPOCTH CHCTEMBI OT BPEMEHH NPU CBOOOJHOM, 3aTyXaloOIeM U BBIHYXK/IEHHOM KOJIeOaHHUSIX TapMo-
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HHYECKOTO ocnwuisitopa. s 3aTyXaromero KojieOaHus MOCTPOEHBI Takue TpadMKH Ul Pa3HBIX 3HAYEHUH KOd(]-
(urmenTa 3atyxanus. [Ipu pemennn cuctemsl auddepeHnnanIsHBIX YpaBHEHUH UCTIONB30BaHa mporuenaypa ode4s.
IIporpamma no3BonseT NPOBOAMUTH SKCIIEPHMEHTHI NPH PA3IMYHBIX 3HAYEHHUSIX BXOAHBIX MapaMeTpoB. IlokaszaHo,
YTO aMIUIUTYAa KOOPJAMHATHI U CKOPOCTH 3aTyXalOUIEr0 rapMOHMYECKOr0 OCHMILIATOPA SKCIIOHEHIMAIBHO YMEHb-
IIaeTCs CO BPEMEHEM M aCHMIITOTHYECKH NMPHONIMIKACTS K HYJI0. DOT CBA3aHHO C PAaCCEMBAHUEM SHEPTUH OCLIMII-
nsiTopa 3a c4eT pabotel cun TpeHus. [Ipu BeIHYKIEHHOM KoJeOaHUH 4Yepe3 ONpE/eIEHHOE BpeMs KojeOaHue Cuc-
TEMBI CTAOMIIN3UPYETCS, YTO CBSI3aHO C TEM YTO, ITOCJIe OKOHYAHHS 3aTyXaHus JaybHelliee KojeOaHue POUCXOHUT
C 4YacTOTOH BbIHY)KAaromied cuibl. JlaHbl 3ajaHus Uil CaMOCTOATENIbHOM paboThl. Pe3ynbTaThl pacuyeTroB u
BU3yaIM3alUl IPUMEHSIOTCSA B TEOPETUUECKON MEXaHUKE.

KitroueBble cj0Ba: TapMOHMYECKHH OCHMIIIATOP, CBOOOIHBIC, 3aTyXalOUIMe W BBIHYXIICHHBIC KOJEeOaHUs,
K03(h(pUIMEHT 3aTyXaHHs1, COOCTBEHHAs!, YaCTOTa, BHIHYKJAIOIIasl CHIIA.
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