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ORGANIZATION OF COMPUTER LAB WORK
"CALCULATION AND VISUALIZATION OF FORCED OSCILLATIONS
IN THE PRESENCE OF AN EXTERNAL FORCE" WITH THE USE
OF THE SOFTWARE PACKAGE MATLAB

Abstract. The organization of computer lab work "Calculation and visualization of forced oscillations in the
presence of an external force" is proposed with the use of the Matlab software package: a) external force - constant;
b) external force - F = FO e; c¢) external force - F = FOe cosPt; d) F =0 fort <0; F=F0t/ T for 0 <t <T;, F = FO for
t> T. For each of these cases, solutions, calculation programs and visualizations are presented. The results are
presented in the form of graphs of the dependence of the acting external force on time and the displacement of the
particle from the equilibrium position from time.

Key words: external force, damped oscillation, calculation, visualization, graph.

The capabilities of the Matlab system are huge, and in terms of the speed of tasks, it is ahead of many
other similar systems. All these features make the MATLAB system very attractive for use in the
educational process in higher education institutions [1].

One of the difficult tasks of introducing the results of the use of information technologies in
educational institutions is the insufficient practical ability of teachers to use computer models of physical
phenomena to organize computer lab work.

Revitalization, motivation and, ultimately, the effectiveness of training largely depend on the
organization of computer laboratory works. We have previously written about the creation and use of
models of the organization for the performance of computer laboratory work on the study of various
physical phenomena in the educational process [2-20].

This article gives an example of the use of the Matlab system in organizing the computer lab work
"Calculation and visualization of forced oscillations in the presence of an external force" for the
performance by the students.

Theme of laboratory work No. 1: Calculation and visualization of forced oscillations in the
presence of an external force: Determine the forced oscillations of the system under the influence of the
external force F (t), if at the initial instant t = O the system is at rest in the equilibrium position (x =0, x =
0) For the following cases:

a) F = const =F0. The system oscillates according to the law

x=—-7 (et —sin oot ).
W
Calculation and visualization program
>>w=1;
>>a=2;
>>m=0.1;
>>1=0:0.1:30;
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>> x=a./(m*w."2).*(w.*t-sin(w.*t));
>> plot(t,x,'k-")

>> grid on
X=F(t)
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| | | | |
| | | | |
| | | | |
600k - — — — — [ Lo ___ [ - Lo 1
| | | | |
| | | | |
| | | | |
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| | | | |
| | | | |
| | | | |
400 - — - — — < [ Lo ___ [ a4 Lo u
| | | |
£ | | | | |
: | | | | |
= 300 | | | | |
******* it M Gl Bl Ml
| | | | |
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| | | | |
2000 - — - — — [ [ O Lo _
| | | | |
| | | | |
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Fig.1. The oscillation of the system under the influence of a constant force

The action of a constant force leads to a shift in the equilibrium position around which oscillations
occur.

b) F=Fye ™ .

The system oscillates according to the law

F

0

at a .
X = 3 2 e — COSt +—SIn wt
m((o +a ’ w

Calculation and visualization program
>> {0=2; w0=1;

>>m=0.1;

>>f0=2; w0=1;

>>m=0.1;

>>t=0:0.1:4;

| |
1 |
0 0.5 1 1.5 2 2.5 3 35 4
ts
Fig.2. The force acting on the system

—— |4 ——
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>>t=0:0.1:30;

>>a=2;

>> x=(f0./(m*(w0."2+a."2))).*(exp(-a.*t)-cos(w.*t)+a. *sin(w. *t)./w);
>> plot(t,x,'k-")

>> orid on
>> xlabel('t, s")
>> ylabel('X, m')
>> title('X=F(t)")
X=F(t)
10 T T T T T
| | | | |
| | | | |
: : : : :
| | | [ |
o T A R B T T N
| | | | |
al b A I I N I _
: : : : :
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>< | | | |
P I \ S S B i
| | | | |
| | | | |
| | | | |
7/ R A - == N T A U ] —
: : : : ‘
| | | |
BF---—-—-—- N [ S = | = == = e/
| | | | |
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| | | | |
R T e—— — [EN S TP R U S O
| | | | |
| | | |
| | | | |
_10 1 1 1 1 1
0 5 10 15 20 25 30
t,s

Fig. 3. Oscillation of the system under the influence of the force F = FOe.

¢) F=Fge " cospt. The oscillation of the system under the action of such a force occurs according to

the law
F 0

m|_(a)2 +a’ —ﬂz)z +4aﬂ2]{_

X= (a)2+a2—,82)cosa)t+

+ﬁ(a)+oz2 +ﬂ2)sin ot +e [(af +a’ —,Bz)cosﬂt—Za,Bsin,Bt] }
o

Calculation and visualization program
>> {0=2; w0=1;

>>m=0.1;

>>t=0:0.1:4;

>> a=2;

>>b=(0.1;

>> f=f(). *exp(-a.*t).*cos(b.*t);

>> plot(t,f, k-°)

>> orid
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f=f0*exp(-at)cos(bt)

f,

t, s
Fig.4. The force acting on the system is F = FOe cos ft.

>>t=0:0.1:30;

>>a=2;

>>b=0.1;

>> A=f0./(m.*((w."2+a."2-b."2)."2+4 *a.*b));

>> B=(w."2+a."2-b."2)."2;

>> C=a.*(w."2+a."2-+-b."2)."2;

>> x=A.*(-B).*cos(w.*t)+C./w.*(sin(w.*t)+exp(-a.*t)).*(B.*cos(w.*t)-2.*b.*a.*sin(w.*t));
>> plot(t,x,’k-*)

>> orid on
x=F(t)
1500 T T T T T
I I I I I
I I I I I
l l l l l
I I I I I
10001 — - - - — === === e e - === - —
l l l l l
l l l l l
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500 4 - — |4 = IR 8 VY 1 L [ A TR & W IR AN
I I I I
I I I I
1S I I I | I
X l l l l l
of -k -f-b-{- 4 {4
I I I I
I I I I
| l l l ‘
sool A L A Y
l l ‘ l l
I I I I I
l l l l l
_1000 1 1 1 1 |
0 5 10 15 20 25 30
t,s

Fig.5. The oscillation of the system under the influence of force F = FOe cos ft.

d) Determine the oscillation of the system after the action of an external force varying according to
the law F =0 for t <0, F=F0 t/ T for 0 <t <T, F = FO for t> T (Fig. 6); Up to the instant t = 0 the system
is at rest in the equilibrium position.

— 16 ——
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A

Fig. 6. The force acting on the system

Solution: for 0 <t <T

F, .
x=—"—(ot-sinot)
mTw
For t <T, we seek the solution in the form
. F,
x=c cosalt—T)+c,sinolt —T)+—2
w
For t =T, from the continuity of x and x "we find:
F ) F
¢, =———"—sinwl,c, =——(1-coswT)
mTw mTw

The amplitude of the oscillations
2F oT
2 2 0 :
a=./c; +c; = sin—.
T T’ 2

Note that the smaller the slower the "power" FO0 is turned on (ie, the larger T).
Calculation and visualization program

>> w=];
>>T=10;
>>t=0:0.1:30;
>>f0=2; m=0.1;

>> x1=£0./(m.*T.*w."3);
>> x=x1.*(w.*t-sin(w.*t));
>> plot(t,x,'k-")

>> orid on

70

60F ——————l——————

50F-—-—--

S —_—

30 ----—-

20f - —-——-

T

0

ts
Fig.7. The oscillation of the system under the influence of force at t> T, F = FO
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>>w=1;
>>T=10;
>>1t=0:0.1:30;
>> f0=2; m=0.1;

>>x1=f0./(m.*T.*w."3);

>> x=x1.*(w.*t-sin(w.*1));

>> plot(t,x,’k-)

>> orid on

>> cl=-x1.*sin(w.*T);

>> ¢2=x1.*(1-cos(w.*t));

>> X=cl.*cos(w.*(t-T))+c2.*sin(w.*(t-T))+£0./(m.*w."2);
>> plot(t,X,’k-)

>> grid on
X=F(t)
23 T T T T T
| | | | |
| | | | |
l l l l l
22— ————4 - I [ A [N R (S - — - — [
‘ l l l l
; \ l l l
2L I AR S A
| ] | | |
| I | | |
l l l l l
20F----4-- [l [l [ty B iy (i it il |
£ l l l l l
= | | | | ‘
10k -~ SN RN R e N
l l l ‘ l
| | | |
18 -{---- - -} -4 -t J-em e P AREEEEE Y EE
| | | | |
| | | | |
SRV - ) IV RV
] l ‘ l |
| | | | |
| | | | |
| | | | |
16 I I I I I
0 5 10 15 20 25 30
t,s

Fig.8. The oscillation of the system under the influence of force at 0 <t <T

e) Find the trajectory of the motion of the particle in the central field U = k r ~ 2/2, the so-called
spatial oscillator.
The calculated formulas w = v (k / m) is the eigenvector frequency, x = acos (wt + ), y = bcos (wt + P) -
where a is the amplitude of the oscillation.

Calculation and visualization program

>>a=1; b=2; w=1;

>>t=0:0.1:30;

>> alfa=pi./3; beta=pi./6;

>> fi=w.*t-alfa; delta=beta-alfa;

>> x=a.*cos(fi);

>> y=b.*cos(delta).*cos(fi)-b.*sin(delta).*sin(fi);

>> plot(x,y,'’k-")

>> grid on

>> xlabel('X")

>> ylabel("Y")

>> title("Y=F(X)")

— 18 ——
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Fig.9. Trajectory of the motion of a particle

Presented laboratory works were performed by third-year students of our university, who are studying
in the specialty SB060400-physics, while conducting laboratory classes on the discipline "Computer
simulation of physical phenomena." Especially I want to note that visualization of calculations in the form
of graphs allows you to better understand the essence of physical processes and students with great desire
perform this part of the task.
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