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PERFORMANCE OF THE LABORATORY WORK 
 "OSCILLATIONS IN L-R-C SERIES CIRCUIT"  

BY USING МАТLAB SOFTWARE PACKAGE 
 
Abstract. The article suggests the calculation and visualization of oscillations that occur in the L-R-C series 

circuit.  It contains the formulation of the problem, the physical analog and mathematical model of the process and 
the Matlab software program codes describing the process. There are graphs of the current through the circuit versus 
time, of the voltage across the inductor and across the resistor versus time. Because of the resistance the 
electromagnetic energy in the circuit is dissipated and converted to internal energy of circuit materials. The article 
also contains the assignments for students’ individual work which require them to make comparative conclusions 
about various oscillations that occur when parameters of the circuit change. 

 Keywords. L-R-C series circuit, inductance, capacitor, resistor, power source, voltage, current. 
 
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. In recent years the 
new computer system Matlab for performing mathematical and engineering calculations is widely used in 
university and engineering researches throughout the world [1-7]. Unfortunately, the numerical 
calculations which are carried out by students often are done by means of the calculator that is almost 
manually. Modern computers are frequently used only for presentation of the work. Actually students 
should be able not only to solve these or other engineering problems, but also do them by using modern 
methods, that is, using personal computers. 

Students of the physics specialties 5B060400 and 5B011000 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, acquaintance with its huge 
opportunities for modeling and visualization of physical processes.  

In our early works [8-28] we have shown the potentials of the Matlab software for modeling and 
visualization of physical processes in mechanics, molecular physics, electromagnetism and quantum 
physics where it have been used for solving the ordinary differential equations (ODE), for visualization of 
the equipotential lines of the systems of charged conductors and of the motion of charged particles in 
electric, magnetic and gravitational fields.  

The present article is devoted to calculation and visualization of oscillations in the L-R-C series 
circuit by using the MATLAB software. 
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>> C=0.25; 
>> z0=[1;0]; 
>> t0=0; 
>> w0=1/sqrt(L*C); 
>> T=2*pi/w0; 
>> E0=0; 
>> w=1; 
>> tmax=5*T; 
>> dt=[t0 tmax]; 
>> [t z]=ode45(@contur,dt,z0); 
>> subplot(3,1,1); 
>>  plot(t,z(:,1),'LineWidth',2); 
>>  title('current through the circuit','FontName','Arial Unicode MS') 
>> ylabel(‘I,A’, ‘FontName’, ‘Arial Unicode MS’) 
>> grid on 
>> subplot(3,1,2); 
>> UL=z(:,2)*L; 
>> plot(t,UL,’LineWidth’,2) 
>> title(‘Voltage across the inductor’, ‘FontName’,’Arial Unicode MS’) 
>> ylabel(‘UL,B’, ‘FontName’, ‘Arial Unicode MS’) 
>> xlabel(‘время,c’, ‘FontName’,’Arial Unicode MS’) 
>> grid on 
>> subplot(3,1,3); 
>> UC=z(:,1)*R; 
>> plot(t,UC,’LineWidth’,2) 
>> title(‘Voltage across the resistor,’FontName’,’Arial Unicode MS’) 
>>  ylabel(‘UR,B’, ‘FontName’, ‘Arial Unicode MS’) 
>> xlabel(‘время,c’, ‘FontName’,’Arial Unicode MS’) 
>> grid on 
Results are presented in the fig.2 

 
Figure 2 -The graphs of the current through the circuit and voltage across the inductor versus time;  

the graph of the voltage across the resistor versus time 
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At the ohmic resistance of the resistor of R = 0.3  the oscillations are damping because of 
conversion of electric energy to internal energy of the resistor. The voltage across the resistor is in phase 
with the current in the resistor, while the voltage across the inductor leads the current by 90o. 

 
Assignments for individual work: 
1. Specify the value of ohmic resistance of the resistor to be R=0. Obtain the graphs and make a 

conclusion about influence of resistance of the resistor on the nature of oscillations.  
2.  Increase the resistance of the resistor and make a conclusion about the degree of damping as a 

function of the ohmic resistance.  
3.  Increase the magnitude of the inductance in the circuit by 4 times. How did the oscillation 

frequency change? Conduct similar researches with the capacitance.  
4.  Specify the resistance of the resistor to be greater than its critical magnitude /cR 2 L C  and 

observe the transformation of the damping process to aperiodic one. 
5.  Connect the circuit to the source (E0 > 0). Observe transition processes in the circuit. By 

gradually increasing the time of the experiment tmax, try to obtain the stationary oscillations. 
6.  By gradually changing the frequency ω of emf specify its magnitude to be equal to the natural 

frequency of the circuit /0 1 LC  . Observe the increase in the amplitude of the oscillation (resonance). 

Compare the magnitude of emf with the magnitude of the voltage amplitude across the inductor. 
7. Draw the graph of the voltage across the capacitor. For this purpose make changes in the code of 

the program. The voltage across the capacitor is defined by the expression
C

1
U Idt

C
  . 

8. Draw the graph of the magnetic field energy, produced by the current through the inductor

2
m

1
W LI

2
 . Compare the frequencies of oscillations of the magnetic field energy and the voltage across 

the inductor. 
 
Conclusion: The calculation and visualization of oscillations that occur in the L-R-C series circuit 

with definite parameters is performed using Matlab software.  The article contains the formulation of the 
problem, the physical analog and mathematical model of the process and the Matlab software program 
codes describing the process. There are graphs of the current through the circuit versus time, of the voltage 
across the inductor and across the resistor versus time. Because of the resistance the electromagnetic 
energy in the circuit is dissipated and converted to internal energy of circuit materials. The article also 
contains the assignments for students’ individual work which require them to make comparative 
conclusions about various oscillations that occur when parameters of the circuit change. 
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«ТЕРБЕЛМЕЛІ КОНТУРДАҒЫ ТЕРБЕЛІСТЕРДІ СИПАТТАУҒА» АРНАЛҒАН  

КОМПЬЮТЕРЛІК ЗЕРТХАНАЛЫҚ ЖҰМЫСТЫ ОРЫНДАУДЫ ҰЙЫМДАСТЫРУ 
 
Аннотация. Тербелмелі контурдағы тербелістерді сипаттауға арналған компьютерлік зертханалық 

жұмысты орындауды ұйымдастыру ұсынылады. Мəселені тұжырымдау, контурда жүретін процестердің 
физикалық жəне математикалық моделдері, оларды Matlab жүйесінде іске асыратын бағдарлама кодтары  
келтірілген.  Контурдағы токтың, индуктивтік катушкадағы  жəне резистордегі кернеу түсуінің  уақытқа 
тəуелділік графиктері берілген. Резистрдің кедергісі болған жағдайда тербелістер өшпелі сипатта болатыны 
байқалады. Үйткені резисторда энергия жұтылады. Өз бетінше орындауға арналған тапсырмалар ұсынылып, 
контур элементтерінің кейбір параметрлерін өзгерткен жағдайлардағы тербеліс сипаттары туралы 
қорытынды жасау ұсынылады.   

Түйін сөздер.  Тербелмелі контур, индуктивтілік, конденсатор, резистор, ток көзі, кернеу, ток. 
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ОРГАНИЗАЦИЯ ВЫПОЛНЕНИЯ КОМПЬЮТЕРНОЙ ЛАБОРАТОРНОЙ РАБОТЫ 

«ПРОЦЕССЫ, ПРОИСХОДЯЩИЕ В КОЛЕБАТЕЛЬНОМ КОНТУРЕ» 
 
Аннотация. Предлагается расчет и визуализация характера колебаний, происходящие в последова-

тельном колебательном контуре. Приведены формулировка задачи, физическая и математическая модели 
процесса, коды программы, реализующие процессы в программной среде Matlab. Построены графики 
зависимостей силы тока в контуре, напряжений на катушке индуктивности и падения напряжения на 
резисторе от времени. При наличии сопротивления резистора колебания являются затухающими, что связано 
с поглощением энергии резистором. Предложены задания для самостоятельной работы и проведение 
сравнительных выводов о характере колебаний при изменений отдельных параметров элементов контура.  

Ключевые слова. Колебательный контур, индуктивность, конденсатор, резистор, источник, 
напряжение, ток. 

 
Information about authors 
Kabylbekov K.A. – cand.ph-math.sc., associate professor of the chair of Physics, M.Auezov South-Kazakhstan State 

University, kenkab@mail.ru, https://orcid.org/0000-0001-8347-4153,; 
Abdrakhmanova Kh.K.- cand.chem.sc., associate professor of the chair of Physics, South-Kazakhstan State Pedagogical 

University, khadi_kab@mail.ru, https://orcid.org//0000-0002-6110-970X; 
Saidakhmetov P.A.- cand.ph-math.sc., associate professor of the chair of Physics, M.Auezov South-Kazakhstan State 

University, timpf_ukgu@mail.ru, https://orcid.org/0000-0002-9146-047X; 
Kedelbaev B.Sh.- doc. eng. sciences, professor of the chair of “Microbiology”, M. Auezov South-Kazakhstan State 

University, b.sh.kedelbaev@mail.ru, .-  https://orcid.org/0000-0001-7158-1488; 
Issaev E.B.- cand.teсhn.sciences,  associate professor of the department “Biology” of M. Auezov SKSU, 

erzhanisaev@mail.ru, https://orcid.org/0000-0001-7536-5643 
 

REFERENCES 
 
[1] Porsev S. V. Computer simulation of physical processes in the package MATLAB. M.: Hot Line-Telecom, 2003. 592 p. 
[2] Kotkin G.A., Cherkassky V.S. Computer modeling of physical processes using MATLAB: Tutorial. / Novosibirsk 

University. 
[3] Lurie M. S., Lurie O. M. Application of the MATLAB program in the study of course of electrical engineering. For 

students of all specialties and forms of educatio. Krasnoyarsk: SibSTU, 2006208 p. 
[4] Potemkin V. system of engineering and scientific calculations MATLAB 5.x (in 2 volumes). Moscow: Dialog-MIFI, 

1999. 
[5] Averyanov G. P., Budkin, Dmitrieva V. V. Design automation. Computer workshop. Part 1. Solving problems of 

Electrophysics in MATLAB: tutorial. Moscow: MEPhI, 2009. 111 p.  
[6] Dyakonov V. p. MATLAB. Complete tutorial. M: DMK Press, 2012. 768 p. 
[7] Ryndin E. A., Lysenko I. E. Solving problems of mathematical physics in Matlab. - Taganrog: TRTU. 2005.  62 p. 
[8] Kabylbekov K.A., Abdrakhmanova Kh.K., Abekova J., Abdraimov R.T., Ualikhanova B.S. Calculation and visualization 

of a system-an electron in a deep square potential well, with use of  the software package of MATLAB. Proceeding of the III 
International Scientific and Practical Conference «Topical researches of the World Science» (Iune 28, 2017,Dubai, UAE). 
№7(23). Vol.I, July 2017, P 7-13. 

 [9]  Kabylbekov K., Saidullaeva N., Spabekova R., Omashova G, Tagaev N., Bitemirova A., Berdieva M. Model of a blank 
form for computer laboratory work on research of the speed selector. Journal of Theoretical and Applied Information 
Technology15th July 2017. Vol.95.   No 13, P 2999-3009, c 2005 – ongoing JATIT & LLS. Indexada en Scopus. 

[10] Kabylbekov K.A., Omashova  G.,Spabekova R., Saidullaeva N., Saidakhmetuv P., Junusbеkova S.  Management and 
organization of computer laboratory work in physics education. Espacios. Vol. 38 (Nº 45) Año 2017. Pág. 35. Indexada en 
Scopus. 

[11] Kabylbekov K., Omashova  G, Spabekova R, Saidullaeva N, Saidakhmetuv P.  Junusbtkova S., Management and 
organization of computer laboratory work in physics education. Espacios. Vol. 38 (Nº 45) Año 2017. Pág. 35. Indexada en 
Scopus, Google Schollar. 

[12] Kabylbekov K.A., Ashirbaev Kh.A., Arysbaeva A.S., Jumagaliyeva A.M. Model of the form of the organization of 
computer laboratory work in the study of physical phenomena. Modern high technologies, №4, Moscow, 2015, P. 40-43. 

[13] Kabylbekov K.A., Madiyarov N.K., Saidakhmetov P.A. Independent design of research tasks of computer laboratory 
works on thermodynamics. Proceedings of the IX International Scientific and Methodological Conference. Teaching natural 
sciences (biology, physics, chemistry) mathematics and computer science. Tomsk-2016, P.  93-99. 

 [14] Kabylbekov K.A, Omashova G. Sh, Spabekova R.S, Saidakhmetov P.A, Serikbaeva G.S, Aktureeva G. Organization of 
computer laboratory works on study the turn-on and turn-off current of the power supply by using MATLAB software package. 



News of the National Academy of sciences of the Republic of Kazakhstan 
  

   
110  

News  of  the  National  Academy  of Sciences of the Republic of Kazakhstan, Series of  Physics  and  Mathematics,  Almaty, 
Volume 3, Number 313 2017, P. 139-146. 

[15] Kabylbekov K.A, Omashova G. Sh, Spabekova R.S, Saidakhmetov P.A, Serikbaeva G.S , Aktureeva G. Organization of 
computer labs for the study of velocity and height distribution of molecules from the Earth's surface by using MATLAB software 
package. Bulletin of NAS RK, Almaty, Volume 3, Number 367, 2017, P. 111-119.  

 [16] Kabylbekov K.A, Ashirbayev H.A, Abdrakhmanovа Kh.K, Dzhumagalieva A.I., Kydyrbekova J.B. Organization of 
laboratory work on study of electric and magnetic fields by using MATLAB software package. Proceedings  of  the  National  
Academy  of Sciences of the Republic of Kazakhstan, Series of  Physics  and  Mathematics,  Almaty, Volume 3, Number 313, 
2017, P. 206-213.  

 [17] Kabylbekov K. A., Spabekovа R. S., Omashova G.Sh., Abzhapparov A.A., Polatbek A, Serkebayeva S. G. The use of 
the software package MATLAB for solving problems on bifurcated electrical circuits. Bulletin of  NAS RК, Almaty 2017, 
Volume 4, Number 368, P. 101-108.  

 [18] Kabylbekov K. A., Ashirbaev H. A., Abdrakhmanova Kh.K., Dzhumagalieva A. I., Kadyrbekova J. B. Organization of 
the performance of the  laboratory work "Modeling the electric field of a system consisting of a dielectric square and a long 
charged conductor" by using МАТLAB software package. News of  the  National  Academy  of Sciences of the Republic of 
Kazakhstan, Series of  Physics  and  Mathematics,  Almaty 2017, Volume 4, Number 314, P. 252-259.  

 [19] Kabylbekov K. A., Abdrakhmanova Kh.K., Ermakhanov М.N., Urmashеv B.А., Jаткаnbayеv Е.Т. Calculation and 
visualization of a body motion in a gravitational field. NEWS of the  National  Academy of  Sciences of the  Republic of  
Kazakhstan. Series of geology and technical sciences. Volume 3, Number 430 (2018), P. 87-98.   

[20] Kabylbekov K. A., Abdrakhmanova Kh.K., Omashova G.Sh., Lakhanova K.M., Abekova Zh.A. Organization of 
computer laboratory work “Calculation and visualization of small forced oscillations”  NEWS of the  National  Academy of  
Sciences of the  Republic of  Kazakhstan, Series of geology and technical sciences. Volume 3, Number 430 (2018), P. 145-155.  

 [21] Kabylbekov K. A., Abdrakhmanova Kh.K., Omashova G.Sh., Kedelbaev B.,  Abekova Zh.A. Calculation and 
visualization of electric field of a space –charged sphere. N E W S of the  National  Academy of  Sciences of the  Republic of  
Kazakhstan. Series of geology and technical sciences. Volume 5, Number 431 (2018), P. 201–209.   doi.org/10.32014/2018.2518-
170X.26 

 [22] K. A. Kabylbekov, Kh. K. Abdrakhmanova, P. A. Saidakhmetov, Т. S. Sultanbek, B. Sh. Kedelbaev. Calcuiation and 
visualization of  isotopes separation process using MATLAB program. NEWS of the  National  Academy of  Sciences of the  
Republic of  Kazakhstan. Series of geology and technical sciences.  Volume 5, Number 431 (2018), P. 218–225. 
doi.org/10.32014/2018.2518-170X.28 

[23]  Kabylbekov K. A., Abdrakhmanova Kh.K., Saidakhmetov P.A., Мusaev J.М., Issayev Ye.В., Ashirbaev Kh.A. 
Calculation and visualization of a body motion under the gravity force and the opposing drag.  NEWS of the National Academy of 
Sciences of the Republic of Kazakhstan Series of geology and technical sciences. Volume 6, Number 432 (2018),  P. 85– 95. 
doi.org/10.32014/2018.2518-170X.38 

[24]  Kabylbekov K. A., Abdrakhmanova Kh.K., Saidakhmetov P.A., Kedelbaev B.Sh.,  Abdraimov R. T., Ualikhanova  
Б.S. Calculation and visualization of the field coaxial cable carrying steady current. NEWS of the National Academy of Sciences 
of the Republic of Kazakhstan Series of geology and technical sciences. Volume 6, Number 432 (2018), P. 55 – 65.  
doi.org/10.32014/2018.2518-170X.35 

[25]  Kabylbekov K. A., A.D.Dasibekov, Abdrakhmanova Kh.K., Saidakhmetov P.A., Issayev E.B.,  Urmashev B.A. 
Calculation and visualization of oscillating systems. N E W S of the  National  Academy of  Sciences of the  Republic of  
Kazakhstan Series of geology and technical sciences. Volume 6, Number 432 (2018), P. 110 – 120.  doi.org/10.32014/2018.2518-
170X.41 

[26]Kenzhekhan Kabylbekov, Khadisha Abdrakhmanova, Gaukhar Omashova, Pulat Saidakhmetov, Turlan Sultanbek, 
Nurzhamal Dausheyeva.  A Laboratory on visualization of Electrostatic and Magnetic Fields.  Acta Polytechnica Hungarica Vol. 
15, No. 7, 2018, P.49-70. DOI: 10.12700/APH.15.7.2018.7.3 

[27] Kabylbekov K. A., Dasibekov A.D., Abdrakhmanova  Kh.K., Saidakhmetov P.A.  Calculation and visualization of 
quantum-mechanical tunnel effect. News  of  the  National  Academy  of Sciences of the Republic of Kazakhstan, Series of  
Physics  and  Mathematics,   Volume 2, Number 324 (2019), P. 60-68 . doi.org/10.32014/2019.2518-1726.13 

[28] Kabylbekov K. A., Dasibekov A.D., Abdrakhmanova  Kh.K., Saidakhmetov P.A.  Calculation and visualization of 
small oscillations of a double plane pendulum. News  of  the  National  Academy  of Sciences of the Republic of Kazakhstan, 
Series of  Physics  and  Mathematics,  Volume 2, Number 324 (2019), P. 69-79 . doi.org/10.32014/2018.2518-1726.14 
  



News of the National Academy of sciences of the Republic of Kazakhstan 
  

   
136  

Publication Ethics and Publication Malpractice 
in the journals of the National Academy of Sciences of the Republic of Kazakhstan 

 
For information on Ethics in publishing and Ethical guidelines for journal publication 

see http://www.elsevier.com/publishingethics and http://www.elsevier.com/journal-authors/ethics. 
Submission of an article to the National Academy of Sciences of the Republic of Kazakhstan implies 

that the described work has not been published previously (except in the form of an abstract or as part of a 
published lecture or academic thesis or as an electronic preprint, see http://www.elsevier.com/postingpolicy), 
that it is not under consideration for publication elsewhere, that its publication is approved by all authors 
and tacitly or explicitly by the responsible authorities where the work was carried out, and that, if 
accepted, it will not be published elsewhere in the same form, in English or in any other language, 
including electronically without the written consent of the copyright-holder.  In particular, translations into 
English of papers already published in another language are not accepted. 

No other forms of scientific misconduct are allowed, such as plagiarism, falsification, fraudulent data, 
incorrect interpretation of other works, incorrect citations, etc. The National Academy of Sciences of the 
Republic of Kazakhstan follows the Code of Conduct of the Committee on Publication Ethics (COPE), 
and follows the COPE Flowcharts for Resolving Cases of Suspected Misconduct 
(http://publicationethics.org/files/u2/New_Code.pdf). To verify originality, your article may be checked by the 
Cross Check originality detection service http://www.elsevier.com/editors/plagdetect. 

The authors are obliged to participate in peer review process and be ready to provide corrections, 
clarifications, retractions and apologies when needed. All authors of a paper should have significantly 
contributed to the research. 

The reviewers should provide objective judgments and should point out relevant published works 
which are not yet cited. Reviewed articles should be treated confidentially. The reviewers will be chosen 
in such a way that there is no conflict of interests with respect to the research, the authors and/or the 
research funders. 

The editors have complete responsibility and authority to reject or accept a paper, and they will only 
accept a paper when reasonably certain. They will preserve anonymity of reviewers and promote 
publication of corrections, clarifications, retractions and apologies when needed. The acceptance of a 
paper automatically implies the copyright transfer to the National Academy of Sciences of the Republic of 
Kazakhstan. 

The Editorial Board of the National Academy of Sciences of the Republic of Kazakhstan will monitor 
and safeguard publishing ethics. 

 
 

Правила оформления статьи для публикации в журнале смотреть на сайтах: 
 
 

www:nauka-nanrk.kz 
 

http://physics-mathematics.kz/index.php/en/archive 
 
 

ISSN 2518-1726 (Online), ISSN 1991-346X (Print) 
 

Редакторы М. С. Ахметова, Т.А. Апендиев, Д.С. Аленов  
Верстка на компьютере А.М. Кульгинбаевой 

 
 

Подписано в печать 10.10.2019. 
Формат 60х881/8. Бумага офсетная. Печать – ризограф. 

9,6 п.л. Тираж 300. Заказ 5. 
 
 

Национальная академия наук РК 
050010, Алматы, ул. Шевченко, 28, т. 272-13-18, 272-13-19 


