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PERFORMANCE OF THE LABORATORY WORK
"OSCILLATIONS IN L-R-C SERIES CIRCUIT"
BY USING MATLAB 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.
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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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Formulation of the problem. The L-R-C circuit contains an inductor with inductance 7, a capacitor
with capacitance C, a resistor with resistance R and a power source. Let's consider electromagnetic
processes that occur in the L-R-C series circuit.

Physical analog. Let's consider the L-R-C circuit with definite parameters (Fig. 1). The resistor has
only ohmic resistance, the inductor has only inductive resistance, the capacitor has only capacitive
resistance. The source generates a sinusoidal emf (electromotive force), the internal resistance of the
source is negligibly small compared with the circuit resistance. The circuit doesn't radiate.

Figure 1 - The diagram of the L-R-C circuit

Parameters of the modeling. The capacitance of the capacitor, the inductance of the inductor, the
ohmic resistance of the resistor, the amplitude and frequency of the source’s emf.

Mathematical model. According to Kirchhoff rules, the algebraic sum of voltage drops across all
clements of the circuit is equal to the source’s emf. Therefore, the mathematical model of the circuit is:

Lﬂ+R1+ij1dt=E,
dt C

Lﬂ+R1+ij1dt=E0cosa)t
dt C

To get rid of integration, we will differentiate the left-side and right-side of the above equation with

respect to time:
d?l | Rdl 1

— +-—t=I= —Eoﬂsinwt. (1)
dtz ' Ldt LC L
Here R is ohmic resistance of the resistor with SI unit Ohm (£2), L is the inductance of the inductor
with SIunit Henry (H), C is the capacitance of the capacitor with SI unit Farad (/), / is the current through
the circuit with SI unit Ampere (4) and £ = Egcosof is the source’s emf which as a function of time
changes with frequency @ and amplitude Fo.
By changing variables
2
[=z, L H_, a1 _d_ RA 1, 52
dt dt dt dt Ld LC E

We will reduce the equation (1) to the system of two differential equations of the first order

%:Z” %:_BZZ_L]+EOQSina)t @
dt d L~ LC L

For calculation of the right-sides of the system of the differential equations (2) we create m-file titled
“contur.m”.

function dzdt=contur(t,z)

global RCL EOw

dzdt=[z(2); -R/L*z(2) — 1/(L*C)*z(1)+wE0*sin(w*t)/L]:

In the command line we write the codes of the program Matlab

global RCL EOw

>>R=0.3;

>>L=1;
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>> (C=0.25;

>>z0=[1:0];

>> 10=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(‘LA”, ‘FontName’, ‘Arial Unicode MS’)

>> orid 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(‘Bpems,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(‘Bpems,c’, ‘FontName’,” Arial Unicode MS”)

>> orid on

Results are presented in the fig.2

current through the circuit

time, s

UL, v

titme, s
voltage across the resistor

time, s

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

— 107 —



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

At the ohmic resistance of the resistor of R = 0.3 (2 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 90°.

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 g =2/7/C and

observe the transformation of the damping process to aperiodic one.

5. Connect the circuit to the source (Eo > 0). Observe transition processes in the circuit. By
gradually increasing the time of the experiment max, try to obtain the stationary oscillations.

6. By gradually changing the frequency @ of emf specify its magnitude to be equal to the natural
frequency of the circuitw, = 1/ JLC . 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 U.= é I Idt -

8. Draw the graph of the magnetic field energy, produced by the current through the inductor
1

W ==LI 2. Compare the frequencies of oscillations of the magnetic ficld 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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«TEPBEJIMEJII KOHTYPJIATBI TEPBEJIICTEPAI CHITATTAY¥A» APHAJIFAH
KOMIIBIOTEPJIIK 3EPTXAHAJIBIK KYMBICTbI OPBIHJAAY /bl YUBIMJACTBIPY

Annotamusa, TepOemMenm KOHTYpIAFbl TCPOCHICTCPAl CHMATTAYFA APHANFAH KOMIBIOTCPIIK 3CPTXAHAJBIK
SKYMBICTBI OPBIHAAYbl YHBIMAACTHIPY YCBHIHBLIAZBL MOCEICHI TYKBIPBIMIAY, KOHTYPAA KYPETiH MPOLECTESPIiH
(PUBHKATBIK JKOHC MATCMATHKAIBIK MOACIacpi, omapasl Matlab skyifecinae iCke achIpaThiH OaraapiamMa KOITAPHI
kenaripinreH. KOHTYpaarbl TOKTBIH, HHAYKTHUBTIK KaTYINKAZArbl >KOHE PE3MCTOPACTI KEPHEY TYCYIHIH YaKbITKA
ToyenaiTik rpadukrepi 6epinren. Pesuctpain keaeprici OomraH skargaiima TepOCIiCTep OMIeTi CHIATTa OOJATHIHEI
Gaiikananpl. YHTKEHI PE3UCTOPAA SHEPTH JKYThIIAAbL O3 OCTiHINE OPBIHAAYFA APHAIFAH TAIICBIPMAJap YCHIHBLIBIIL,
KOHTYP OJICMCHTTEPiHIH KeiOlp mapamMeTpiepiH 63repTKEH JKarmaimapaarkl TepOeNic CHIarTapsl TYpalbl
KOPBITBIHIBI 5KACAY YCHIHBLIAIBL.

Tyiiin cezaep. Tepbemveni KOHTYD, HHIYKTHBTLIIK, KOHICHCATOP, PE3UCTOP, TOK K631, KEPHEY, TOK.
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OPTAHU3BAIIMA BBINOJHEHUA KOMIIBIOTEPHOM JIABOPATOPHOI PABOTHI
«[MPOOECCHI, MIPOUCXOAAIMUE B KOJEBATEJIBHOM KOHTYPE»

Annoramusi. [Ipeamaraercss pacdeT M BU3yalIM3alus XapakTepa KOJICOAHWH, MPOUCXOAAIINE B IOCICIOBA-
TEJIPHOM KOJeOaTensHOM KOHType. [IpuBencHs! (hopMymHpoOBKa 3amaud, (U3HYECKAs W MATEMATHUYCCKAsA MOJCIH
MpoLEecca, KOABI MPOTPAMMBI, PeaH3yIONHC MPOLCCCH B mporpamMMmHON cpeae Matlab. TloctpocHsl rpaguxu
3aBHCHMOCTEH CHIBI TOKA B KOHTYPE, HANPSHKCHUH HA KATYIOIKS HHAYKTHMBHOCTH W NAJCHUA HANPSDKCHUA HA
pe3ucTope oT BpeMeHH. [1pu HATHYIHA COMPOTHBIICHHUS PE3UCTOPA KOICOAHHUS IBILTEOTCS 3aTY XAIOMIAMH, YTO CBA3AHO
C TIOTJIOIICHHEM OJHEPTHH Pe3UCTOpPOM. [IpemosKeHbl 3amaHuA OIS CAMOCTOSTEIbHOW padOThl M IPOBEICHHUC
CPaBHHUTEIBHBIX BBIBOJOB O XapakTepe KOJICOAHUH IIPH H3MECHEHUH OTACTIBHBIX IIAPAMETPOB 3IICMEHTOB KOHTYPA.

KmoueBbie cioBa. KoneOarenbHbIi KOHTYpP, WHAYKTHBHOCTH, KOHACHCATOP, PE3HCTOpP, HCTOYHUK,
HATIPSDKCHHAC, TOK.
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