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2%pi;

q0 = 1;

Dgo = 0;

TO0 = 3;

%g = a*sin(W*t) + b * cos(W*t)
%n obtenir a = 0 b = 1 en fonction de CDI
t = linspace(0, TO, 100);

g = cos(W*t);

plot(t,q,"*");
title(' Anal ytique');

% est une constant

E = W2/ 2;
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%2.1 renplacer D2q avec -W"2*q on peut obtenir le resultat.

.2 et 2.3

dt = 0.01; %u 0.1 0.01

A= 1[1,dt;-wWnr2*dt, 1];

QL = [];,% est g

Q@ =[], %X est dqg

QL(1)=1;

Q( 1) =0;

Q=1[10];

n =1,

E2 = [];

E2(1)

for t O:dt: T
n n + 1;
Q=A*Q
Ql(n) = 1,1);
Q@(n) = A2,1)
E2(n)

nnn
*

end

t2 = linspace(0, TO, n);
g = cos(W*t2);
plot(t2,q,'*' ,t2,Ql);

1/2*(Q@(1)"2 + W2 * QI(1)"2);

1/2*(Q@(n)~2 + W2 * QL(n)~"2);

| egend(" Anal ytique'," ' Euler explicit')
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#*  Analytique
Euler explicit

05F % ;E'L 1 §
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%&E2 augnent nmoins vite si dt est plus petit.
plot(t2, E2);
title('Energie explicit')

%. 5

[V.DO = eig(A);
%t = 0.01
%D =

% 1. 0000 + 0.0628i 0. 0000 + 0.0000
% 0. 0000 + 0. 000Qi 1. 0000 - 0.0628
%t = 0.001

%D =

% 1. 0000 + 0.0063i 0. 0000 + 0.0000
% 0. 0000 + 0. 000Qi 1. 0000 - 0.0063

% es val eurs absol ues des val eurs propres sont

pl us
%grandes et |'énergie diverge plus vite

pl us grandes si

est
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65 - . .

G0

i

40 r

361

30 r

20"

15

A2 = [1,dt;-Wn2*dt, 1]/ ((dt *WD) ~2+1);
Ql_im=[];
Q_im=[];
QL_in(1)=1;
Q_i m(1) =0;
Qim=[1;0];
n_im=1;
E2 im=[];
E2_im1l) = 1/2*(Q_im1)"2 + W2 * QL_inm(1)"2);
for t = 0:dt: TO
nim=n.im+1;

Qim=A2 * Qim

Ql_imn_im = Qin(1,1);

@_imn_im = Qin(2,1);

E2 imn_im = 1/2*(Q@_imMn_imM~"2 + W2 * QL_imn_inm"2);
end
t2 = linspace(0,TO,n_iny;

plot(t2,q,'*" ,t2,QL,t2,QLim;

| egend("' Anal ytique', ' Euler explicit',"Euler inplicit")

%on peut voir que euler inplicit converge ver O et euler explicit
di ver ge.
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#*  Analytique
Euler explicit | 4
Euler implicit

!
Fi

05+t % ;E- ‘Z'-: . I::;-." '.:-E. .-_'_ _

plot(t2,E2_im;

title('Energie Euler Inplicit');

% ' énergi e converge noins vite si dt est plus petie.
98. 5

[V2,D2] = eig(A2);

%dt = 0.01

% D2 =

%

% 0. 9961 + 0. 0626i 0. 0000 + 0. 0000i

% 0. 0000 + 0.0000i 0. 9961 - 0. 0626i

%dt = 0.001

% D2 =

%

% 1. 0000 + 0.0063i 0. 0000 + 0. 0000i

% 0. 0000 + 0. 0000i 1. 0000 - 0.0063i

%on peut voir que |les valeurs propres sont plus prés de 1 si dt est
pl us

Ypetit.
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Energie Euler Implicit
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dx = 0;
X = [x;dx];
M=1[0, 1; -W"2, 0];
dX = M* X
%l 2
a_rg = [1;
q_rg(1) = 1;
dg_rg = [];
dg_rg(1) = 0;
n =1,
E Rk =[];
E Rk(1) = 1/2*(dg_rg(1)"2 + W2 * q_rg(1)"2);
for t = 0:dt: T
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;

25




q_rg(n)

da_rg(n)
E_Rk(n)

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

= 1/2*(dg_rg(n)"2 + W2 * g_rg(n)"2);
end

plot(t2,q,"'* ,t2,QL,t2,Ql_ imt2,q9_rg);

| egend(' Anal ytique',' Euler explicit',"Euler inplicit',' Runge Kutta')

2 T T T T T
#  Analytiqgue |,
15 F —~ Euler explicit | 4
\"". Euler implicit
7N \ Runge Kutta
1 ... .-. .'-I I_. r .-.- I'll I'
05 % 5 : 1
Or 3 1
05t % :
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% ' énergi e est plus stable que nméthode Euler explicit
inmplicit.
plot(t2, E Rk);

et Euler
title('Energie Runge kutta')
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Energie Runge kutta
19.739209 - . . ;
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25;
. 5;
b

/\/\_{_op

q_NM = [];
dg_NM = [];
QNM = [1;0];
q_NM1) = 1;
dg NM1) = O;
ENM=[];
E NM1) = 1/2*(dg_NM1)"2 + W2 * g NM1)"2);
n =1,
for t = 0:dt:TO
n=n+1;
QNM=A"* QNM
q_NMn) = QNM1,1);
dg_NMn) = Q NM 2,1);
E NMn) = 1/2*(dg_NMn)"*2 + W2 * q_NMn)"2);
end
t2 = linspace(0, TO, n);




5.1.3

plot(t2,q9,t2,QL,t2,Ql_imt2,q9.rg,t2,g_ NM'0");

| egend(' Anal ytique',' Euler Explicit',"Euler inplicit','Runge

Kutta',' NewMark');

2 : : : : :
Analytique |/
15 Euler Explicit | -
Euler implicit
Runge Kutts
158, MNewhark :
"1;... 4 ..-'_l"I
:" & f‘.,*ﬂ )
05 % & o ¢
W F : ) Hi
] '_:. ‘ I‘ I -1
05| £ 4 i 1
/ i
Ak L
Ry
5T '
2 : : : : :
o 0.5 1 15 2 25 3
plot(t2,ENM"'r',t2, E Rk, ' black');
| egend(' New nmark',' Runge Kutta');
YNEWWARK | " energi e est plus stable que |es autres nethode.
9%.1.4
[V3,D3] = eig(A);
%t = 0.01
%D =
%
% 0.9980 + 0. 0628i 0. 0000 + 0. 0000i
% 0. 0000 + 0. 0000i 0.9980 - 0.0628i
%t = 0.001
%D =
%
% 1. 0000 + 0. 0063i 0. 0000 + 0. 0000i
% 0. 0000 + 0. 0000i 1. 0000 - 0. 0063i
%t = 0.1
%D =
%
% 0.8203 + 0.5719i 0. 0000 + 0. 0000i




5.2

% 0. 0000 + 0. 0000i 0. 8203 - 0.5719i
% | es val eur propres ne changent pas beaucoup en fonction du dt.

19.739209 T T T T T

— Mew mark
Runge Kutta

19.739208

19.739207

19.739206

19.739205

19.739204

19.739203 ' ' ' ' '
0 0.5 1 15 2 25 3

= O;

= 0.5;

1 + beta*dt”"2*W"2, 0; gama*dt *\W"2, 1] ;

1- (0. 5-beta)*dt *"2*W"2, dt; - (1- gama) *dt *\W"2, 1] ;
nv(B);

QNM=[1;0];
q_NM1) = 1;
dg_NM1) = 0;
ENM=T[];
E NM1) = 1/2*(dg_NM1)"2 + W2 * q_NM1)"2);
n =1,
for t = 0:dt: TO
n=n+1;
QNM=A* QNM
g_NMn) = QNM1,1);
dg_NMn) = QNM 2, 1);
E NMn) = 1/2*(dg_NMn) "2 + W2 * gq_NMn)"2);
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end

t2 = linspace(0, TO, n);
t = linspace(0, TO, n);
g = cos(W*t);
plot(t,q,”*");

hol d on;

plot(t2,qg_NM ' 0');
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