1.1

cas d'oscillateur amortli
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TO0 = 1,
wo = 2*pi
woc = wo*wo;
e = 0.02;
m=1; %la valeur de mn'influence pas |le calcu
b = 2*e*w0*m
x0 = 0. 01,
dx0 = 0;
F = 0;
x = [1I;
x(1) = x0;
n =1,
onega = wo*(1-e72)”70.5
for t = 0:0.01:10*TO

n=n+1,

x(n) = exp(-e*wo*t)*(x0*cos(onega*t) + (e*w0*x0 + dxO0)/
onega*si n(onmega*t));
end
t = linspace(0, 10*TO, n);
plot(t,x);
title(' Exacte')
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1.1.a

ti
dt
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2*e/wW0; % ti = 0.0064
0.01; %dt > 2*e/w0

[1, dt;-dt*woc, 1- 2*dt *e*wO0] ;
[ x0; dx0] ;

Xlb = [];

dX1b

=[1;

le( l) = x0:

nl =
for t

1,
= 0:dt:10*TO

nl = nl + 1;
X1 = Al1*X1;
Xlb(nl) = X1(1,1);
dXlb(nl) = X1(2,1);

end

t1 = linspace(0,10*T0, n1);
pl ot (t1, X1b);

title('dt > 2¥e/w0');

% Remar que: x diver ge;
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1.1b

dt > 2*e/w0
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ti;%dt = 2*e/w0
[1,dt;-dt*wOc, 1- 2*dt *e*w0] ;
[ x0; dx0] ;
X2b = [];
dX2b = [];
X2b(1) = x0;
dX2b(1) = dxO;
n2 = 1,
for t = 0:dt:10*TO
n2 = n2 + 1,
X2 = A2* X2;
X2b(n2) = X2(1,1);
dX2b(n2) = X2(2,1);
end
t2 = linspace(0, 10*TO, n2);
pl ot (t 2, X2b);
title('dt = 2*e/w0');
% Renmar que: x est sinusoidale, ni converge ni diverge.
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1.1c

0.8*ti; %dt < 2*e/w0
[1,dt;-dt*wOc, 1- 2*dt *e*w0] ;
[ x0; dx0] ;
X3b = [];
dX3b = [];
X3b(1) = x0;
dX3b(1) = dxO;
n3 = 1,
for t = 0:dt:10*TO
n3 = n3 + 1,
X3 = A3*X3;
X3b(n3) = X3(1,1);
dX3b(n2) = X3(2,1);
end
t3 = linspace(0, 10*TO, n3);
pl ot (t 3, X3b);
title('dt < 2*e/w0');
% Remar que: X conver ge.
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1.1d

1.2

dt < 2*e/w0
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% e rapport de dt/(2*e/W) est un critere de la solution, et le
rapport

%loit etre plus petit que 1 pour que la solution soit precis (converge
parce que |'anortissenent)

Euler implicite

dt = 0.1*2*e/wW0; % dt est plus petit que 2*e/w0 pour que | a solution
soit précis

A4 = [1+2*dt *e*wO, dt;-dt *wOc, 1]/ (1 + 2*dt*e*w0 + dt~2*w0c); % on
calcule la matrice d anplification du cas anort

X4 = [ x0; dx0] ;

Xab = [];

dX4b = [];

X4b(1) = xO0;

dX4b(1) = dxO0;

n4d = 1,

for t = 0:dt:10*TO
nd = n4d + 1,
X4 = Ad*X4;

X4b(nd) = X4(1,1);
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dX4b(n4) = X4(2,1);

end

t4 = linspace(0, 10*TO, n4);

pl ot (t4, X4b);

title('"Euler inplicite avec dt = 0.1*(2*e/w0)"');

% comre on |'a fait dans |le TD1,la solution d' Eul er
touj ours

% convergente. Mais la |le rapport de dt/(2*e/ W)
de

% conver ge

inplicite est

i nfluence |l a vitesse

Euler implicite avec dt = 0.1*(2*e/w0)
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1.3ah =0.04

h = 0.04;

dt = h*2*270. 5/ wo;

A5 = [0,1;-w0c, -2*e*w0] ; % on calcule la matrice d'
Runge- Kutta du cas anort

X5 = [ x0; dx0] ;

anplification de

X5b = [];

dX5b = [];

X5b(1) = xO0;

dX5b(1) = dxO0;

n5 = 1,

for t = 0:dt:100*TO
n5 = n5 + 1,
k1l = A5*X5;
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k2 = AS*(X5 + k1*dt/2):
k3 = AS*(X5 + k2*dt/2):
k4 = A5*(X5 + k3*dt);

K= (k1 + 2*k2 + 2*k3 + k4)/6;
X5 = X5 + K *dt;
X5b(n5) = X5(1,1);
dX5b(n5) = X5(2,1);
end
t5 = linspace(0, 100*TO, n5);
pl ot (t5, X5b);
title(' Runge-Kutta avec h = 0.04")
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1.3ah =0.96

h = 0. 96;

dt h*2*270. 5/ wo;

A5 [0,1;-wOc, -2*e*wW0] ; % on calcule la matrice d"anplification de
Runge-Kutta du cas anorti

X5 = [ x0; dx0] ;

X5b = [];

dX5b = [];

X5b(1) = xO0;

dX5b(1) = dxO0;

n5 = 1,

for t = 0:dt:100*TO
n5 = n5 + 1,
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k1 = A5*X5;
k2 = AS*(X5 + k1*dt/2):
k3 = AS5*(X5 + k2*dt/2):
k4 = AS*(X5 + k3*dt);

K= (k1 + 2*k2 + 2*k3 + k4)/6;
X5 = X5 + K *dt;
X5b(n5) = X5(1,1);
dX5b(n5) = X5(2,1);
end
t5 = linspace(0, 100*TO, n5);
pl ot (t 5, X5b) ;
title(' Runge-Kutta avec h = 0.96")

o X 10°2 Runge-Kutta avec h = 0.96
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1.3a h =1.04

h = 1.04;

dt h*2*270. 5/ wo;

A5 [0,1;-w0c, -2*e*wW0] ; % on calcule la matrice d" anplification de
Runge-Kutta du cas anorti

X5 = [x0; dxO0];

Xsb = [];
dxXsb = [];
X5b(1) = x0;
dX5b(1) = dxO;
n5 = 1,

for t = 0:dt:100*TO
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n5 = n5 + 1;

kl = A5*X5;

k2 = A5*(X5 + kil*dt/2);
k3 = A5*(X5 + k2*dt/2);
k4 = A5*( X5 + k3*dt);

K= (k1 + 2*k2 + 2*k3 + k4)/6;
X5 = X5 + K *dt;
X5b(n5) = X5(1,1);
dX5b(n5) = X5(2,1);
end
t5 = linspace(0, 100*TO, n5);
pl ot (t 5, X5b) ;
title(' Runge-Kutta avec h = 1.04")
%a stabilite de x depend de h(c'est en fait depend de dt)
% il exist un point critique de h entre 0.96 et 1.04, si h est npins
que la val eur
%critique, h est plus grand, x est npins stable

L1016 Runge-Kutta avec h = 1.04
2 T T T T T T T

0.5 ]

0 10 20 30 40 50 G0 70 80 80 100

1.3b

on teste les valeurs entre 0.96 et 1.04

hc = 1.0135;
%max = 1.0138
%mn = 1.0132

tc = hc * 2*270.5/w0; %tc = 0.4562
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