1.1

Etude d'un oscillateur linéaire
marti a un degre de liberté
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TO = 1;

W) = 2*pi/ TO;

e = 0.02;

m= 1;

b = 2*e*W)*m

X0 = 0.01;

dxXo = 0O;

omiga = W*(1-e72)"0.5; x =[];
x(1) = X0,

n =1;
for t = 0:0.01:10*TO
n=n+1;

x(n) = exp(-e*W*t)*(X0*cos(omi ga*t) + (e*WD*X0 + dXO0)/
omi ga*si n(onmi ga*t));
end
t = linspace(0, 10*TO, n);
plot(t, x);
title(" Anal ytique');
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1.1.a
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clf;
dt a=0. 01;
A =1[1,dta;-dta*wWw"2, 1- 2*dt a*e*W)] ;
X = [ X0; dX0] ;
n=1,
xla=[];
dxla=[];
for t = 0:dta: 10*TO
n=n+1;
X = A*X;

xla(n) = X(1,1);
dxla(n) = X(2,1);
end
ta =linspace(0, 10*TO, n);
pl ot (ta, xla);
title('explicite dt > 2*e/W');
%on peut voir que x diverge
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explicite dt = /M0
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clf;
dt b=0. 0064;
A =[1,dth;-dtb*W"2, 1- 2*dt b*e*W)] ;
X = [ X0; dX0] ;
n=1,
x1b=[];
dx1b=[];
for t = 0:dtb: 10*TO
n=n+1;
X = A*X;

xlb(n) = X(1,1);
dx1lb(n) = X(2,1);
end
tb =linspace(0, 10*TO, n);
pl ot (th, x1b);
title('explicite dt = 2*e/W');
%on peut voir que x est sinusoidale,
% i converge ni diverge.
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licite dt = 2"a/WD
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1.1.c

clf;
dt c=0. 0064*0. 8;
A =1[1,dtc;-dtc*W"2, 1-2*dtc*e*W)] ;
X = [ X0; dX0] ;
n=1;
xlc=[];
dxlc=[];
for t 0:dtc: 10*TO
n n + 1;
X = A*X;
xlc(n) = X(1,1);
dxlc(n) = X(2,1);
end
tc =linspace(0, 10*TO, n);
pl ot (tc, x1lc);
title('explicite dt = 0.8 * (2*e/W)"');
%on peut voir que X converge

10




Etude d'un oscillateur linéaire
marti aun degré de liberté

1.1.d

1.2

licite dt = 0.8 * {2*&/W0
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% a val eur de ddx+2*e*W*dx+WD*x est un critere qui pernet de etudier
I a

Y%recision de la solution, si cette valeur est pres de 0, |la solution
est

Y%preci s

% a val eur de dt est un critere qui pernet de etudier |a precision de
[a solution

%t | e rapport de dt/(2*e/W) doit etre plus petit que 1 pour |la
solution est precis

clf;
dt =0: 0. 001: 10* TO;
for j=1:1ength(dt)
Aim{l,j} = [1+42%dt(j)*e*W,dt(j);-dt(j)*W"2, 1]/ (1 + 2*dt(j)*e*\WD
+ dt(j)"r2*VWN2);
VPA(1,j)=max(abs(eig(A_im{1,j})));
end
pl ot (dt, VPA)
title('Le nodul e de val eur propre de différant pas');
% es val eurs absol us des val eurs propres sont toujours nmoins de 1
%schéma inconditionnell ement stable
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%lonc pour inplicite,il n'y a pas de tenps critique

! Le madule de valeur propre de différant pas
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1.3.a h=0.04

clf;

h = 0.04;

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

M= 1[0,1;-WA"2,-2*e*\W] ;

X = [ X0; dX0] ;

x_rg =[1I;

dx_rg = [1];

x_rg(l) = Xo;

dx_rg(1l) = dXo;

n =1,

for t = 0:dt:100*TO
n=n+1,
ki =M* X
k2 = M* (X + k1 * dt/2);
k3 = M* (X + k2 * dt/2);
k4 =

M* (X + k3 * dt);

K= (kl + 2*k2 + 2*k3 + k4)/6;
x_rg(n) = X(1,1);

dx_rg(n) = X(2,1);

X = X + K *dt;

end
t = linspace(0, 100*TO, n);
plot(t,x_rg);
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title(' Runge Kutta h = 0.04")

Runge Kutta h = 0.04
0.01 ; T ;
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1.3.a h=0.96

clf;
h = 0. 96;
dt = h*2*270. 5/ W;

M=10,1;-W"2, -2*e*W0] ;

X = [ X0; dX0] ;

x_rg =[1I;

dx_rg = [1];

x_rg(l) = Xo;

dx_rg(1l) = dXo;

n =1,

for t = 0:dt:100*TO
n=n+1,
ki =M* X
k2 = M* (X + k1 * dt/2);
k3 = M* (X + k2 * dt/2);
kd = M* (X + k3 * dt);
K= (k1 + 2*k2 + 2*k3 + k4)/6; X = X + K *dt;
x_rg(n) = X(1,1);
dx_rg(n) = X(2,1);

end

t = linspace(0, 100*TO, n);

plot(t,x_rg);
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title(' Runge Kutta h = 0.96")

10 w1073 Runge Kutta h = 0.96

1.3.a h=1.04

clf;
h 1. 04;
dt = h*2*270. 5/ W;

M=10,1;-W"2, -2*e*W0] ;

X = [ X0; dX0] ;

x_rg =[1I;

dx_rg = [1];

x_rg(l) = Xo;

dx_rg(1l) = dXo;

n =1,

for t = 0:dt:100*TO
n=n+1,
ki =M* X
k2 = M* (X + k1 * dt/2);
k3 = M* (X + k2 * dt/2);
kd = M* (X + k3 * dt);
K= (k1 + 2*k2 + 2*k3 + k4)/6; X = X + K *dt;
x_rg(n) = X(1,1);
dx_rg(n) = X(2,1);

end

t = linspace(0, 100*TO, n);

plot(t,x_rg);
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title(' Runge Kutta h = 1.04")

x10'8 Runge Kutta h = 1.04
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1.3.a

%a stabilite de x depend de h
% h depasse un val eur critique, dt
di ver ge.

1.3.b

% max = 1.0137 diverge un peu
clf;

h = 1.0137;

dt = h*2*270. 5/ W;
M=10,1;-W"2, -2*e*W)] ;

X = [ X0; dX0] ;

x_rg = [];

dx_rg = [1];

x_rg(l) = Xo;

dx_rg(1) = dXo;

n =1,

for t = 0:dt:100*TO
n=n+1;
ki = M* X
k2 = M* (X + k1 * dt/2);

depasse le

7o

pas

de tenps critique, X




Etude d'un oscillateur linéaire
marti aun degré de liberté

k3 = M* (X + k2 * dt/2);
kd = M* (X + k3 * dt);
K= (k1 + 2*k2 + 2*k3 + k4)/6; X = X + K *dt;
x_rg(n) = X(1,1);
dx_rg(n) = X(2,1);
end
t = linspace(0, 100*TO, n);
subpl ot (1, 3,1)
plot(t,x rg);
title(' Runge Kutta h = 1.0137")
% mn = 1.0133 converge un peu
h = 1. 0133;
dt = h*2*270. 5/ W;
M=10,1;-W"2,-2*e*W0] ;

X = [ X0; dX0] ;

x_rg =[1];

dx_rg =1[1];

x_rg(1) = Xo;

dx_rg(1l) = dXo;

n =1,

for t = 0:dt:100*TO
n=n+1;
ki = M* X
k2 = M* (X + k1 * dt/2);
k3 = M* (X + k2 * dt/2);
kd = M* (X + k3 * dt);

K= (kl + 2*k2 + 2*k3 + k4)/6; X = X + K *dt;
x_rg(n) = X(1,1);
dx_rg(n) = X(2,1);

end

t = linspace(0, 100*TO, n);
subpl ot (1, 3, 2)

plot(t,x rg);

title(' Runge Kutta h = 1.0133")
%% c = 1.0135;

h = 1. 0135;

dt = h*2*2"0. 5/ W,

M=10,1;-W"2, -2*e*W] ;

X = [ X0; dX0] ;

x_rg =1[1;

dx_rg =1[1];

x_rg(1) = Xo;

dx_rg(1l) = dXo;

n =1,

for t = 0:dt:100*TO
n=n+1;
ki = M* X
k2 = M* (X + k1 * dt/2);
k3 = M* (X + k2 * dt/2);
kd = M* (X + k3 * dt);
K= (kl + 2*k2 + 2*k3 + k4)/6; X = X + K *dt;
x_rg(n) = X(1,1);
dx_rg(n) = X(2,1);

end
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t = linspace(0, 100*TO, n);

subpl ot (1, 3, 3)

plot(t,x_rg);

title(' Runge Kutta h = 1.0135")

%une val eur approximative du pas de tenps critique
tc = hc * 2*270.5/W); % tc = 0.4562

Runge Kutta h = 1.0137 Runge Kutta h = 1.0133 Runge Kutta h = 1.0135
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