Etude d’un oscillateur lineaire
amorti a un degre de liberte
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Préparation

1
2*pi / TO;
02;

O'B('Dég

= 0.
= 1'
= 2*e*W*m
X0 = 0.01;
dXo = 0;
Ft = 0,
om ga = W*(1-e”2)"0.5;
x = [1I;
x(1) = Xo;
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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Analytique
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Ql.1a

t_1 = 2*e/W); %0. 0064

dt = 0.01;%t 1

= [1,dt;-dt*W"2, 1- 2*dt *e* W] ;
= [ X0; dX0] ;

x_ex = [];

= 0:dt:10*TO
=n + 1,

x_ex(n) = X(1,1);
dx_ex(n) = X(2,1);
end
t = linspace(0, 10*TO, n);
plot(t,x_ex);
title('dt > 2*e/ W' );
%on peut voir que x diverge;
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dt = 2*e/W0
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t_1;
A= [1,dt;-dt*W"2, 1-2*dt *e* W] ;
X = [ X0; dX0] ;

ex = [];

dx_ex(1) =

n =1,

for t = 0:dt:10*TO
n=n+1;
X = A*X;

x_ex(n) = X(1,1);
dx_ex(n) = X(2,1);
end
t = linspace(0, 10*TO, n);
plot(t,x_ex);
title('dt = 2*e/ W' );
% x est sinusoidale, ni converge ni diverge.
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dt = 2%/ W0
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dt = 0.8*t_1;

A=1[1dt;-dt*W"2, 1-2*dt *e*W)] ;
X = [ X0; dX0] ;
x_ex =11];

dx_ex(1) =

n =1,

for t = 0:dt:10*TO
n=n+1;
X = A*X;

x_ex(n) = X(1,1);
dx_ex(n) = X(2,1);
end
t = linspace(0, 10*TO, n);
plot(t,x_ex);
title('dt = 0.8*2%e/ W' );
% X conver ge.
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dt = 0.8%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

Q1.2

syms pas;
A im= [1+2*pas*e*W), pas; - pas*W"2, 1]/ (1 + 2*pas*e*W) + pas”2*W"2);

vp = [];

for pas = linspace(0, 1, 1001)

vp = [vp, max(abs(eig(eval (Aim)))];
end

t = linspace(0, 1, 1001);

plot(t,vp);

title('Le nodul e de val eur propre de différent pas');

% converge, si le pas est plus petit, x converge nmoins vite, et le
pas augnent, x converge plus vite.
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Le module de valeur propre de différent pas
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Q1.3ah = 0.04

= 0. 04;

= h*2*2/0. 5/ WO;
=[0,1;-VW"2, -2*e* W] ;
= [ X0; dX0] ;
rg =[1;

xzaz

[a—

-5 X o X
=

0:dt:100*TO
n + 1;

M* X

M* (X + k1 * dt/2);
M* (X + k2 * dt/2);
M* (X + k3 * dt);

k4

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);
title(' Runge Kutta h = 0.04")
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Q1.3ah =0.96

= 0. 96;

= h*2*2/0. 5/ WO;
=[0,1;-VW"2, -2*e* W] ;
= [ X0; dX0] ;
rg =[1;

xzaz

[a—
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0: dt: 100*TO
n + 1;

M* X

M* (X + k1 * dt/2);

M* (X + k2 * dt/2);

M* (X + k3 * dt);

(k1 + 2*k2 + 2*k3 + k4)/6;
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);

title(' Runge Kutta h = 0.96")
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w103 Runge Kutta b = 0.96
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Q1.3a h =1.04

1. 04;
= h*2*2/0. 5/ WO;
=[0,1;-VW"2, -2*e* W] ;
= [ X0; dX0] ;

rg =[1;

xza=
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0: dt: 100*TO
n + 1;

M* X

M* (X + k1 * dt/2);

M* (X + k2 * dt/2);

M* (X + k3 * dt);

(k1 + 2*k2 + 2*k3 + k4)/6;
X + K *dt;

x_rg(n) = X(1,1);

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

~
w
(I I T |

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

title(' Runge Kutta h = 1.04");
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%a stabilite de x depend de h, h augnment, x est noins stable.
% h depasse un val eur critique, x diverge.

5 w1018 Runge Kutta h = 1.04
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Q1.3b

hc = 1. 0135;

% nmax = 1.0138 diverge un peu

% mMmn = 1.0132 converge un peu

tc = hc * 2*27"0.5/W); %tc = 0.4562

Published with MATLAB® R2018a
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Q1.1
syns m
syns a;
syns g;
synms FO;
Syns w;

syms bet a;

Syms ganmeg;

syms dt;

Syms n;

I =[1, 0; 0, 1];

%Onham* a*a* M *d2g+m* g* a* M * q=F0 * sin(w* t) *
MB avec

ML =12, 1; 1, 1];
M =12, 0; 0, 1];
M8 =[a; a/ sqrt(2)];

%q = [thetal;, theta2] et d2q = [d2thetal; d2theta2]

% Al ors, on peut trouver d2g = M4 * g + Mb * sin(w * t) avec
M = - inv(M) * g/ a* M;

Mo =inv(M) * FO/ m/ a/ a * M3,

% En utilisant les relation (2) et (3), on a

%M * gnl = M7 * gqn + MB * dgn + MP avec

M =1 - dt * dt * beta * M;

M =1 +dt * dt * (0.5 - beta) * M;

MB = | * dt;

M =dt * dt * (0.5 - beta) * Mb * sin(w* n * dt) + dt * dt * beta *

Mo * sin(w?* (n + 1) * dt);
% Et MO * gnl + ML1 * dgnl = M2 * gn + ML3 * dgn + ML4 avec
MLO = - dt * gamm * M;
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ML1
ML2 dt * (1 - gamm) * M
ML3 l;
M4 =dt * (1 - gamma) * Mo * sin(w* n * dt) + dt * gamma * M *
sin(fw* (n + 1) * dt);
% Soit U=1[q; dqg], alors on peut trouver M5 * Unl = M6 * Un + M7
avec
ML5 = [MB, O * |; MO, ML1];
ML6 = [ M7, MB; ML2, ML3];
ML7 = [MD; ML4];
% Alors, ona Unl = A* Un + B avec
A = inv(ML5) * ML6;
B = inv(M5) * M7;
% Al ors on peut recevoir le résultat par matlab
%A =
% [ (((2*g*(beta
- 1/2)*dt~2)/a + 1)*(a”2 + 2*beta*g*a*dt”~2))/(a”2 + 4*a*beta*dt"2*g
+ 2*petar2*dt~4*gn2) - (2*beta*dt~4*gh2*(beta - 1/2))/(ar2 +
4*a*bet a*dt 22*g + 2*bet an2*dt"4*gn2),
(a*beta*dt"2*g*((2*g*(beta - 1/2)*dt"2)/a + 1))/
(a2 + 4*a*betar*dt”2*g + 2*beta”2*dt"4*g~2) - (dt~2*g*(ar2 +
2*beta*g*a*dt~2)*(beta - 1/2))/(a*(a”2 + 4*a*beta*dt"2*g +
2*bet an2*dt ~4*g"2)), (dt*(an2 + 2*beta*gr*a*dt”2))/
(a2 + 4*a*beta*dt”~2*g + 2*beta”2*dt"4*g"2),
(a*beta*dt~3*qg)/ (a2 + 4*a*beta*dt”2*g + 2*beta”2*dt"4*g"2)]
% [ (2*a*beta*dt *2*g*((2*g*(bet a
- 1/2)*dt~2)/a + 1))/ (ar2 + 4*a*beta*dt"2*g + 2*betat2*dt~4*gn2)
- (2*dt"r2*g*(ar2 + 2*beta*g*a*dt~2)*(beta - 1/2))/(a*(a”2 +
4*a*bet a*dt 22*g + 2*bet anr2*dt"4*g"2)),
(((2*g*(beta - 1/2)*dt"2)/a + 1)*(ar2 +
2*pbeta*g*a*dt~2))/(a”2 + 4*a*beta*dt~2*g + 2*bet a”2*dt "4*g"2)
- (2*bet a*dt"4*gn2*(beta - 1/2))/ (a2 + 4*a*beta*dt”"2*g +
2*bet an2*dt "4*g"2), (2*a*beta*dt~3*qg)/
(a2 + 4*a*beta*dt”~2*g + 2*beta”2*dt"4*g"2),
(dt*(an2 + 2*beta*g*a*dt"2))/ (a2 + 4*a*beta*dt"2*g +
2*bet an2*dt "4*g"2) ]
% [ (2*dt*g*(ganma - 1))/a - (2*(beta*ganma*dt”*3*g"2
+ a*gamma*dt*g) *((2*g*(beta - 1/2)*dt”"2)/a + 1))/ (a"2 +
4*a*bet a*dt 22*g + 2*bet an2*dt"4*gn2) - (2*dt~3*g”2*gamma*(beta
- 1/2))/(ar2 + 4*a*beta*dt"2*g + 2*beta”2*dt~4*g"2),
(2*dt ~"2*g* (bet a*gamma*dt *3*g"2 + a*gammma*dt *g) *(beta - 1/2))/
(a*(an2 + 4*a*beta*dt”~2*g + 2*beta”2*dt”~4*gn2)) - (dt*g*(ganma
- 1))/a + (a*dt*g*ganma*((2*g*(beta - 1/2)*dt"2)/a + 1))/ (a"2 +
4*a*bet a*dt ~2*g + 2*betan2*dt"4*g”2), 1 - (2*dt*(beta*ganmma*dt"3*g"2
+ a*gamma*dt*qg))/ (a2 + 4*a*beta*dt"2*g + 2*betan2*dt"4*g"2),
(a*dtr"2*g*gamm)/ (a”2 + 4*a*beta*dt~"2*g +

2*bet an2*dt "4*g"2) ]
%[ (4*dt”~2*g*(beta*ganma*dt”*3*g"2 + a*ganma*dt*g)*(beta
- 1/2))/ (a*(anr2 + 4*a*beta*dt~2*g + 2*beta”2*dt"4*g"2))
- (2*dt*g*(gamm - 1))/a + (2*a*dt*g*gamm*((2*g*(beta -
1/2)*dt"2)/a + 1))/ (a”2 + 4*a*beta*dt2*g + 2*betan2*dt"4*g"2),

(2*dt*g*(ganma - 1))/a - (2*(beta*ganma*dt~3*gh2 +
a*gamma*dt *g) *((2*g*(beta - 1/2)*dt"2)/a + 1))/ (a”2 + 4*a*beta*dt"2*g
+ 2*petan2*dt~4*gnh2) - (2*dt~3*gr2*gammma* (beta - 1/2))/(an2 +
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Q1.2

4* a*pet a*dt *2*g + 2*bet an2*dt *4*g"2),

(2*a*dt"2*g*gamm)/ (a"2 + 4*a*beta*dt"2*g + 2*beta”2*dt"4*gn2), 1 -
(2*dt *(bet a*gamma*dt ~3*g"2 + a*gamma*dt*g))/(a”2 + 4*a*beta*dt"2*g +
2*bet an2*dt ~"4*g"2) ]

%

%

% B =

%

((an2 + 2*beta*g*a*dt”2)*(beta*dt"2*sin(dt*w(n + 1))*(FO0/(a*m
- (271 2)*FO)/ (2*a*m) - dt~2*sin(dt*n*w)*(FO/(a*m) - (27(1/2)*F0)/
(2*a*m))*(beta - 1/2)))/(a”2 + 4*a*beta*dt"2*g + 2*beta”2*dt"4*gn2) -
(a*bet a*dt "2*g*(bet a*dt *"2*si n(dt*w*(n + 1))*(FO/ (a*m - (2"(1/2)*F0)/
(a*m) - dt 2*sin(dt*n*w)*(FO/(a*nm) - (2°(1/2)*FO)/(a*m)*(beta -
1/2)))/ (a”2 + 4*a*beta*dt"2*g + 2*bet ar2*dt "4*g"2)
%

(2*a*bet a*dt *2*g* (bet a*dt *2*si n(dt *w*(n + 1))*(FO/(a*m -
(27(1/2)*FO)/ (2*a*m)) - dt~2*sin(dt*n*w)*(FO/ (a*m) - (2"°(1/2)*FO0)/
(2*a*m))*(beta - 1/2)))/ (a2 + 4*a*beta*dt"2*g + 2*beta”2*dt"4*g"2)
- ((an2 + 2*beta*g*a*dt”2)*(beta*dt"2*si n(dt*w*(n + 1))*(FO/(a*m
- (271 2)*FO)/ (a*m)) - dt~2*sin(dt*n*w)*(FO/ (a*m) - (2"°(1/2)*F0)/
(a*m)*(beta - 1/2)))/ (a2 + 4*a*beta*dt"2*g + 2*betan2*dt "4*g"2)
% dt*gamma*sin(dt*w(n + 1))*(FO/(a*m - (2"(1/2)*F0)/(2*a*m)
- (2*(beta*gamm*dt ~3*g"2 + a*gamma*dt *g) * (bet a*dt *2*si n(dt *w+(n
+ 1))*(FO/ (a*m - (2°(1/2)*FO)/(2*a*m) - dt”~2*sin(dt*n*w)*(FO/
(a*m - (27(1/2)*F0O)/(2*a*m))*(beta - 1/2)))/ (a2 + 4*a*beta*dt"2*g
+ 2*betat2*dt"4*gn2) - dt*sin(dt*n*w)*(FO/ (a*m - (27(1/2)*F0)/
(2*a*m))*(gamm - 1) - (a*dt*g*gamma*(beta*dt~2*sin(dt*w(n +
1))*(FO/ (a*m - (27(1/2)*F0)/(a*m)) - dt"2*sin(dt*n*w)*(FO/ (a*m
- (2M(1/2)*F0)/ (a*m) ) *(beta - 1/2)))/ (a2 + 4*a*beta*dt"2*g +
2*bet an2*dt "4*g"2)
% (2*(bet a*gamma*dt ~3*g"2 + a*gamma*dt *g) * (bet a*dt *2*si n(dt *w+(n
+ 1))*(FO/ (a*m) - (2°(1/2)*FO)/(a*m) - dt~2*sin(dt*n*w)*(FO/
(a*m - (2"(1/2)*FO)/(a*m)*(beta - 1/2)))/ (a2 + 4*a*beta*dt”"2*g
+ 2*bet an2*dt "4*g"2) - dt*gamme*sin(dt*w (n + 1))*(FO/(a*m -
(27(1/2)*F0O)/ (a*m)) + dt*sin(dt*n*w)*(FO/(a*m - (2°(1/2)*F0)/
(a*m)*(ganma - 1) + (2*a*dt*g*gamma*(beta*dt~2*sin(dt*w(n +
1))*(FO/ (a*m) - (27(1/2)*F0)/(2*a*m)) - dt” 2*sin(dt*n*w)*(FO/ (a*m
- (271 2)*FO)/ (2*a*m ) *(beta - 1/2)))/(a”2 + 4*a*beta*dt"2*g +
2*bet an2*dt "4*g"2)
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for dt = linspace(0, 1, 1001)

e = [e, max(abs(eig(eval (A))))];
end

dt = linspace(0, 1, 1001);

subplot (1, 1, 1);

plot(dt, e);

title('Le nodule de val eur propre de différant pas');

% On trouve que quand |le pas est inférieure a 0.024, tous les
nodul es de val eur propre est presque égale a 1, et quand | e pas est
supérieure a 0.024, |les nodul es de val eur propre supérieure a 1.

-0 Le module de valeur propre de différant pas

10} e i

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

Q1.3

dthetal 0
dtheta2 0

- 1.31519275;
- 1.85996342,

g0 = [thetal 0; theta2 0];
dq0 = [dthetal 0; dtheta2 0];
d2q0 = eval (M4) * qO;
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Q1.4

%U = [q; dq]
%Unl = A* Un + B, d2g = M4 * g + Mb * sin(w* t).
% Ce sont |les relations.

Q1.5

TO = 8;

dt = 0.02;

U= [q0; dqo];
q = [q0];

dg = [dqO];
d2q = [d2q0];

for n=0: (TO / dt - 1)

U=-eval (A * U+ eval (B);

qg=1[a, U1:2)];

dg = [dg, U(3:4)];

d2q = [d2qg, eval (M4 * U(1l:2) + Mb * sin(w* n * dt))];
end

t =(0: (TO / dt)) * dt;
subplot (3, 2, 1);
plot(t, q(1, :));
title('thetal');
subplot (3, 2, 3);
plot(t, dq(1l, :));
title( ' dthetal');
subplot (3, 2, 5);
plot(t, d2q(1, :));
title(' d2thetal");
subplot (3, 2, 2);
plot(t, q(2, :));
title('theta2');
subplot (3, 2, 4);
plot(t, dq(2, :));
title(' dtheta2');
subplot (3, 2, 6);
plot(t, d2q(2, :));
title(' d2theta2');
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thetal theta?
oz
02
0 0
-0.2
-0.2
] 2 4 & 8 ] 2 4 & 8
dthetal dtheta2
2
1
i 0
1
-2
0 2 4 2 B 0 2 4 6 B
d2thetal d2theta?
10
10 /
| | \/\/\/\/\/\/\/
10 -10
0 2 4 3 8 0 2 4 = 8

Q1.6

g(:, 1 : 3); %ce sont les valeurs de q a Os , dt , 2dt.
g(:, 0.5/ dt + 1); %' est le valeur de q a 0.5s.

% Ce sont

%0 -0.0263 -0. 0522 -0.299%e-3

%0 -0.0372 -0.0738 -0.423e-3

dg(:, 1 : 3); %ce sont les valeurs de dqgq a Os , dt , 2dt.
dq(:, 0.5/ dt + 1); %' est le valeur de dg a 0.5s.

% Ce sont

% -1.32 -1.30 -1. 27 1.31

% -1.86 -1.85 -1.80 1.86

d2q(:, 1 : 3); %ce sont les valeurs de d2qg a Os , dt , 2dt.
d2q(:, 0.5/ dt + 1); %' est |le valeur de d2g a 0. 5s.

% Ce sont

% 0 0. 302 1.33 0. 737

% 0 0. 428 1.89 1.04

02.1

% En utilisant le résultat de QL.1, c'est la néne matrice.
% Puisqu' ell e est trop grande, je ne renonte pas.
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Q2.2

beta = 0. 25;

e =[];

for dt = linspace(0, 1, 1001)

e = [e, max(abs(eig(eval (A))))];
end

dt = linspace(0, 1, 1001);

subplot (1, 1, 1);

plot(dt, e);

title('Le nodul e de val eur propre de différant pas');

% Le nodul e de val eur propre est toujours presque égale a 1.

Le module de valeur propre de différant pas

1000000000 1

1.000 00000000005

0.999 99999999995

0.999 9999999999

Q2.3

%U = [q; dq]
%Unl = A* U + B, d2g =M * g + Mb * sin(w?* t).
% Ce sont |les nénmes relations que QL.4, mais beta change.

Q2.4

%Unl = A* U + B
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% Je ne conprend pas ce que Q2.3 et .4 veul ent.
% A non avis, c'est |a méne chose.

Q2.5

TO = 8;

dt = 0.02;

U= [q0; dqo];
q = [q0];

dg = [dqO];
d2q = [d2q0];

for n=0: (TO0/ dt - 1)

U=-=eval (A * U+ eval (B);

g =[a, U1l:2)];

dg = [dq, U(3:4)];

d2q = [d2q, eval (M4 * U(1:2) + Mo * sin(w* n * dt))];

t =(0: (TO / dt)) * dt;
subplot (3, 2, 1);
plot(t, q(l, :));
title('thetal');
subplot (3, 2, 3);
plot(t, dq(1, :));
title(' dthetal);
subplot (3, 2, 5);
plot(t, d2q(1, :));
title(' d2thetal');
subplot (3, 2, 2);
plot(t, q(2, :));
title('theta2');
subplot (3, 2, 4);
plot(t, dq(2, :));
title(' dtheta2');
subplot (3, 2, 6);
plot(t, d2q(2, :));
title(' d2theta2');
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Q2.6

g(:, 1 : 3); %ce sont les valeurs de q a Os , dt , 2dt.
g(:, 0.5/ dt + 1); %' est le valeur de g a 0.5s.

% Ce sont

%0 -0.0262 -0.0520 -0.0009

%0 -0.0371 -0.0735 -0. 0013

dg(:, 1 : 3); %ce sont les valeurs de dg a Os , dt , 2dt.
dg(:, 0.5/ dt + 1); %' est |le valeur de dg a 0. 5s.

% Ce sont

%-1.32 -1.30 -1.27 1.31

%-1.86 -1.85 -1.80 1.86
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Oscillateur non linéaire
a un degré de liberté
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Q1.1

qo = 2;

dq0 = O;

w0 = 2*pi

al pha = 0. 1;

ddq0 = - wo"2*q0*( 1+al pha*q0"2);

TO=6;

gamal=0. 5; bet a1=0;

%n sait les relations

%1(inc+l) = gl(inc) + dtl * dql(inc)+ dtl1l*dt1*0.5*ddql(inc)
%ddgl(i nc+1l)=- wo"2*ql(i nc+1l)*(1l+al pha*ql(i nc+1)"2)

%lql(i nc+1l) = dql(inc) +0.5*dtl1 * (ddgl(inc) + ddgl(inc+l))

Q1.2

dt1 =0.02;

tl =(0:dt1:TO)";
npl=si ze(tl,1);
gl=zeros(npl, 1);
dgl=zeros(npl, 1);
ddgl=zeros(npl, 1);
energl=zeros(npl, 1);

q1(1)=q0;
dql(1)=dqo0;
ddgl( 1) =ddqO;

for inc =1:(npl-1)
gl(inc+l) = gql(inc) + dt1 * dgl(inc)+ dtl*dt1*0.5*ddqgl(inc);
ddql(i nc+1l) =- wo"2*ql(i nc+1)*(1+al pha*ql(inc+1)"2);
dql(inc+l) = dgql(inc) +0.5*dt1 * (ddql(inc) + ddql(inc+l));




Oscillateur non linéaire
aun degré deliberté

end
plot(tl,ql)
title(' Newrark explicite dt=0.02")

Mewmark explicite dt=0.02

15[
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Q1.3

ql(1); % =0

gql(2); % =dt

ql(3); % =2*dt

gql(301); % =TO0

% | es val eurs numériques de q a 0s, dt, 2dt et TO sont:
% 2 1.9779 1.9123 1.0329

02.1

gama2=0. 5; bet a2=0. 25;
%on cherche a minimser |a val eur absolue de: ddg+w0"2*qg*(1l+al pha*qg”2)
%on voudrais cette val eur egale 0O

Q2.2

% on a cddqg=-f(dd1, dq, q)/ (Df/ Dddg+Df / Dg* bet adt ~2) .
% et f=ddgq+w0”"2*q*(1+al pha*g”2), Df/Dddg=1,
% Df / Dg=w0"2+3*w0”"2* al pha*g"2




Oscillateur non linéaire
aun degré de liberté

% Al ors, cddg=-(ddg+wo"2*qg*( 1+al pha*q”2))/
(1+(won2+3*wW0N2* al pha*g”2) *bet adt 2 2)

Q2.3

g2=zeros(npl, 1);
dg2=zeros(npl, 1);
ddg2=zeros(npl, 1);
energ2=zeros(npl, 1);
q2(1) =qo;
dq2( 1) =dqo;
ddq2( 1) =ddqO;
e=0.01; %supposons |le erreur est 0.01 pour verifier abs(ddq
+wO0*wW0* q* ( 1+al pha*qg*q)) <e
for inc =1:(npl-1)
g2(inc+l) = g2(inc) + dt1 * dg2(inc)+ dtil*dt1*(0.5-
bet a2) *ddg2(i nc) ;
dg2(inc+1) = dqg2(inc) +dtl *(1-gana2)*ddq2(inc);
ddq2(i nc+1) =0;
whil e abs(ddq2(inc+1) +w0*w0*q2(i nc+1)*( 1+al pha*qg2(i nc+1)*q2(i nc
+1)))> e
cddg2 = (-(ddg2(inc+1)+wo*wo*qg2(i nc+1)*(1+al pha*q2(i nc
+1)*q2(i nc+1))))/ (1l+bet a2*dt 1*dt 1* (wO*w0+3*w0*wO* al pha*g2(i nc
+1)*q2(inc+1)));
cdg2=gana2*dt 1* cddqgz2;
cq2=bet a2*dt 1*dt 1* cddqz2;
g2(i nc+1)=q2(i nc+1) +cqg2;
dg2(i nc+1) =dqg2(i nc+1) +cdqg2;
ddqg2(i nc+1) =ddq2(i nc+1) +cddqz2;
end
end
plot(t1,q2)
title(' Newrark inplicite dt=0.02")




Oscillateur non linéaire
aun degré deliberté

Mewmark implicite dt=0.02
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Q2.4

g2(1); % =0

g2(2); % =dt 1

g2(3); % =2*dt 1

g2(301); % =TO

% | es val eurs numériques de q a Os, dt, 2dt et TO sont:
% 2 1.9781 1.9131 0.8478

03.1

%1 y a deux partie : |'energie cinetique et |'energie potentie
%oour |'energie cinetique, c'est 0.5*dg"2

%our |'energie potentiel,on fait un integrale,

%' est 0.5*wW0*w0*q*q+0. 25*al pha*wo*w0*q"4

Q3.2

for inc =1:npl
energl(inc)= 0.5*dql(inc)”2 +
0. 5*w0*w0*ql(i nc) *ql(i nc) +0. 25*al pha*w0*w0*q1(i nc) "4;
energ2(inc)= 0.5*dq2(inc)"2 +
0. 5*w0*w0*g2(i nc) *g2(i nc) +0. 25* al pha*w0*w0* g2(i nc) "4;
end




Oscillateur non linéaire
aun degré deliberté

Q3.3

plot(tl,energl,tl, energ2);
| egend(' Newmark explicite dt=0.02"," Newnark inmplicite dt=0.02");

%' energie inplicite est toujours plus grande de |'energie explicite
%rai s, quelque fois, ils ont la mene |'energie

— Mewmark axplicite dt=0.02
— Mewmark implicite dt=0.02
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