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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.

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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Formulation of the problem. The L-R-C circuit contains an inductor with inductance L, 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
elements of the circuit is equal to the source’s emf. Therefore, the mathematical model of the circuit is:

L£+Rl+ij.ldt=E,

dt C

L£+Rl+ij.ldt=Eocosa)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?]  Rdl 1 w
—+—-——+—] = —E,—sinwt. 1
dt? + Ldt LC 0, 1

Here R is ohmic resistance of the resistor with SI unit Ohm (£2), L is the inductance of the inductor
with ST unit Henry (H), C is the capacitance of the capacitor with SI unit Farad (F), [ is the current through
the circuit with SI unit Ampere (4) and E = Eycosat is the source’s emf which as a function of time
changes with frequency @ and amplitude E,.

By changing variables

2
=z, ﬂzﬁzzp d—zjzﬁz—ﬁﬂ—il+Eogsina)t
dt dt dt dt Ldt LC L

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

=z,, —=——zz——I+Eogsina)t 2)
dt dt 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 RCLEOw

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 RCLEOw

>>R=(.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(‘ILA’, ‘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”)

>> orid 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

__________ Fp—

I A
=

i
] 2 4 i 8 10 12 14 16
time, s
voltage across the inductor

UL, v

time, 5
voltage across the resistor

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 (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./1/¢c and

observe the transformation of the damping process to aperiodic one.

5. Connect the circuit to the source (E, > 0). Observe transition processes in the circuit. By
gradually increasing the time of the experiment .., 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 circuiteg, = 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 j Idt -

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

W = i LI?. Compare the frequencies of oscillations of the magnetic field energy and the voltage across

m

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.

K.A.Ka6w16elc031, X.K.Aﬁ[{anMal-[OBaz,
H.A.CannaxmeTOBl, B.1I. Keuenﬁaenl, E.B. Ucaen'

'M.Oye308 arsiHnarsl Orryctik Kasakcran Memyekertik yuuepeureri, Llbivkent, Kasakcran;
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«TEPBEJIMEJII KOHTYPJAYFBI TEPBEJICTEPAI CUITIATTAYYA» APHAJIFAH
KOMIIBIOTEPJIIK 3EPTXAHAJIBIK ’)K¥MBICTBI OPBIHJIAYIbI YUBIMIACTBIPY

AnHotanus. TepOenmerni KOHTypaarpl TepOemicTephi CHUIIATTayFa apHAJIFaH KOMIBIOTEPIIK 3EepPTXaHaJBIK
KYMBICTBI OpBIHIAYAbl YHBIMIACTBIPY YCHIHBUIAJIBI. MoceseHl TYXbIpbIMIay, KOHTYpJAa >KYPETiH MpoLecTepaiH
(u3MKaNbIK KOHE MaTeMaTHKaNbIK MoJenaepi, oiapasl Matlab skyiiecinie icke acklpaThlH Oarjgapiiama KOATaphbl
kenripired. KoOHTypaarbl TOKTBIH, WHIYKTUBTIK KaTYIIKaJarbl JKOHE PE3UCTOPIEri KepHey TYCYIHIH YaKbITKa
Toyenainik rpadukrepi 6epinren. Pesuctpain kexeprici OonraH xarnmaiina TepOericTep emmeni cunarta 0OJaTHIHBI
Oalikananbl. YHTKEHI pe3ncTopaa SHEeprust )KYThUIabl. O3 OeTiHIIe OpbIHIayFa apHAJIFaH TallChlpMaliap YChIHBUIBIII,
KOHTYp OJJIEMEHTTEepiHIH KeilOip IapameTrpiepiH e3repTKeH JKarnaiiaapiarbl TepOelic CHmarrapbsl Typaibl
KOPBITBIH/IBI JKacay YCHIHBUIA/IBL.

Tyiiin ce3nep. TepOenmmeni KOHTYp, HHAYKTUBTLUIIK, KOHICHCATOP, PE3UCTOP, TOK K031, KEPHEY, TOK.
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OPTAHU3AIIUS BBIIIOJHEHUS KOMIIBIOTEPHOM JIABOPATOPHOM PABOTHI
«[TPOLECCBI, MIPOUCXOJAIIUE B KOJTEBATEJIBHOM KOHTYPE»

AnHoranus. [Ipemnaraercs pacder W BU3yaldu3alMs XapakTepa KojeOaHWi, MPOUCXOIAIIME B IMOCIICIOBA-
TENBHOM KoJeOaTenbHOM KOHType. [IpuBeneHpl (opMynHpoBKa 3amadu, QuU3MYecKas W MaTeMaTH4ecKas MOJCITH
mporiecca, KOABI MPOTPaMMBI, peaM3yIOIIMe MpOIecChl B MporpamMmHoil cpene Matlab. TloctpoeHbl rpaduku
3aBHCUMOCTEH CHJIBI TOKa B KOHTYpE, HANpPSHKCHHHA HA KaTyINIKe WHIYKTHBHOCTA W TAJCHUS HANpsDKCHUS Ha
pesuctope ot BpeMeHu. [Ipu Halu4YUu CONPOTHUBIICHUS PE3UCTOPA KOJICOAHNUS SIBIISIOTCS 3aTyXAIOIUMHU, YTO CBSI3aHO
C MOIJIOMICHUEM O3HEPrHU PEe3UCTOPOM. [Ipe/UioKeHbl 3afaHusi IJIsi CaMOCTOSITENILHONH paboThl U IMPOBEACHHE
CPaBHHTEINILHBIX BHIBOJIOB O XapakTepe KojaeOaHuil Mpu M3MEHEHUH OTACIBHBIX APAMETPOB DJIEMEHTOB KOHTYpA.

KioueBble ciaoBa. KomebarenbHbI KOHTYpP, WHIOYKTUBHOCTh, KOHJCHCATOP, PE3UCTOP, HCTOYHHK,
HaMpsKEHUE, TOK.
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