3.1--méthode 1
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dt2=0.01;

T0=3;
wle=dw (pi) "2;
ql=1;

dg0=0;
+2=(0:4t2:T0)7 ;
np2=sizel(t2, 1) ;
gq2=zeros(np2, 1) ;
dgZ=zerosinp2, 1) ;
g2(1)=q0;

dq2 (1)=dql;

for inc=2:npl

q2 (inc)=(q2 (inc-1)+dt2#dq2 (inc—-1) )/ (1+wlcxdt 2+dt 2)

ddge=—wilc#q2 (inc)

dq2 (inc)=dq2 (inc—1)+dt 2%ddqc
end
plet{t2,q2,”b",  Linewidth’, 3)
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3.1--Méthode 2

1 - dt2=0.01;
2 - I=3;
3 - t2=(0:dt2:TO)Y°
4 — np2=sizeit2, 1) ;
5 — q=1[gq0:dq0] ;
6 — q2b=zeros (npZ, 1) ;
T dq2b=zeros(np2, 1) ;
g - q2b(1)=ql;
9 — dq2b(1)=dql;
1 - 4=[1,dt2;—wlc%dt2, 1] ;
1 - A=A/ (1+wlcwdt 2xdt2) ;
JE= for inc=2:np?2
13 — Q=g
14 - qZb(inci=qll)
15 — dq2b (inci=q(2)
16 — end
17 — energ?=0. 5% (daZb. *dq2btwlc# (g2b. "2) ) ;
18 — plot (t2, q2b," b’ , " Linewidth’, 3)
Figure:
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En utilisant les deux méthodes, on obtient le méme résultat.
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Figure:

dt=0.01;
T0=3;
t={0=dt - F0)T
np=sizelt, 1) ;

g=zeros(np, 1) ;

[Flfor inc=1:np

qlinc)=exp (—pi#t (inc) %21) /2 + expipist (inc)*21)/2

- end

plotit,q, ',  Linewidth’, 3)

hold on

plet(tl, qlb, b’ , " Linewidth’, 3)%t1, gl obtenu par 1% exercice 2-2
hold on

plot{t2, q3b,’ g’ , Linewidth’, 3)%t2, g2 obternu par 1’ exercice 3-—1
grid on;

xlabel ("t ) ;

yvlabel ("q");

legend(’ exacte’,  explicite’, ” inplicite’)
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3.3

1
2 - I=3;
3 — [Cfor dt2=[0.008,0.01,0.012]
4 - t2=(0:dt2: T0)°
5 — npZ=size(t2, 1) ;
g = g=[q0:4dq0] ;
T = q2b=zeros (np2, 1) ;
g — dgZb=zeros(np2, 1) ;
9 — q2b(1)=q0;
0 - dgZb(1)=dql;
11 - A=[1,dt2;-wlcxdt2, 1];
12 — A=A/ (1+wlcxdt 2xdt 2) ;
13— [H for inc=2:np2
14 — g=d#q
15 — a2biinci=q(1}
16 — dg2bi{inc)=qiz)
I = - end
18 - if dt2==0. 008
19 — plotit2, g2b,” b", Linewidth’, 3)
0 - hold on
21 — elseif dt2==0.01
22 = plot(t2,q2b, " r’,  Linewidth’, 3)
23 — hold on
4 = else plot(t2,q2b, ¢’ ,  Linewidth’, 3)
25 — end
26
27— L end
28 — grid on;
29 — xlabel"t7);
30 — vlabel ("q’);
31— legend (" dt=0. 0087, dt=0.017,7 dt=0. 012"
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3.4

i- dt=0.015:%ou t=0.008 ou t=0.01
2 - T0=3;
3 - t=(0:dt:70)7 ;
4 = np=size(t, 1) ;
5 — g=zeros(np, 1) ;
B — energ=zeros (np, 1) ;
7 — [for inc=l:np
g8 — qlincl=exp(-pi*t (inc)#*21)/2 + expipis#t (inc)=*21i)/2
g — energ (inc)=2%pi 2
10 — L end
11
12 - plot {t, energ, " ', Linewidth’, 3)
13 — hold on
14 — plot (t1, energl,” b, "Linewidth’, 3)%t1 energl obtenu de 17 exercice 2-2
15 — hold on
16 — plot(t2, energ?, " ¢’ ,"Linewidth’, 3)%t2 energ? obtenu de 17 exercice 3-1
17 — grid on;
18 - title (" dt=0.015")
19 — xlabel(7t7):
20 - vlabel{’ energie’) ;
21 — legend( exacte’,” explicite’, inplicite’)
i ¥Pour Buler implicite, plus dt est grand, plus wite 1 energie baisse.
23 ¥Pour Euler explicite, plus dt est grand, plus wite 1’ energie s accroit.
Figure:
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3.5

1 - [z, dl=eigi4)

2 %abs(d(1))=abs(d{2))=0. 995641, donc =stable

3 %¥pour tous les dt, d{l)={(l-1swlsdt)/ {1+wl 2%dt"2)

4 % d(2)=(1+ixwlxdt)/ (1+wD " 2xdt " 2)

5 ¥donc module de d est toujours inferieur a 1, donc inconditiomnellement
B ¥stable
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4.2--définition de la fonction

1 Flfunction[dUc]=cal f (Uc, tc, wlc)
2 - dUc=zeros(2,1);

3 - dle (1)=Uc (2}

4 — dlUc (2)=—wlc*Uc (1) ;

B

— L end

4.2

1 - dt6=0.01;

- tE=(0:dtF:3)7 ;
- npf=size (16, 1)
q0=1;

— dg0=0;

= gfi=zeros (npf, 1) ;

on U s LI B
|

=T

- dqf=zeros (npf, 1) ;
B — qfi(11=g0;

g — dqf(1)=dql;

1 - qj=[q0;:dq0];



Figure:
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for

end

inc=2:nph

te=tf(inc—1)

xc=q]

kl=cal f(xc,tec,d+p1i”2)
xc=qj+klxdt6/2

k2=cal f (xc, tct+dtd/ 2, dsp1°2)
xo=qjtk2xdt6/2

k3=cal f (xc, tct+dtd/ /2, dspi1 2}
xe=qjt+k3wdta

kd=cal f (xc, tct+dth, d#pi 2)
dg= (k1+2+k24+2+k3+k4) /6
qj=qjt+dgxdt&

qfi (inc)=qj (1)

dafiiinc)=qj (2}

Ef=0.5#(dgf. "2+d%pi” 2#gh. "2)
plot (6, g6, " b,  Linewidth’, 3)
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C’est tres proche du résultat exacte
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dt=0.01;

T0=3;
t=(0:dt:T0O)" :
np=sizelt, 1) ;
g=zeros(np, 1) ;

for inc=l:np

qlinc)zexp (—pi*t (inc) *21) /2 + exp(pixt (inc)*21)/2

end
plotft,q. 7 ',  Linewidth™, 1. &)
hold on

plot{tl,qlb,’ b’ ,  Linewidth’, 1. 5)%t1l gl obtermu de 17 exercie

hold on

plot(t2,q2b,” g, " Linewidth’, 1. B)%t2 g2 obteru de 17 e

hold on

plot (t6,q6, k™ ,” Linewidth®, 1. b)%t6 gf obtenu de 17 exercie 4-:

grid on;
¥labeli"t7);
ylabel(7q™);

legend(’ exacte’,” explicite’,’

inplicite’,” runge kutta )
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4.4
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— runge kutta
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1.97086 1.870862 1.970864 1.970866 1.970868
t
dt=0.01;
T0=3;
t=(0:dt:T0)" ;

np=sizelit, 1) ;
g=zerosinp, 1) ;
energ=zerosinp, 1) ;

-]for inc=1:np

qglinec)=exp (-pi*t (inc) *21) /2 + exp(pixt{inc)*21i)/2

energ (inc)=2#%pi 2

L end

plot (t, energ,” £’ ," Linewidth’, 1. B)
hold on

plot (tl,energl,’b’, Linewidth’, 1.5)%t1 energl obtenu de 17 exercie ;

hold on

plot (12, energ?,” g’ ,  Linewidth’, 1. 5)%t2 energ? obtenu de 17 exercie

grid on;

plot (t6,E6, k',  Linewidth’, 1. 5)%t6 E6 obtenu de 1" exercie

title (" dt=0.017)
wlabel (" t7 ),
vlabel (" energie’ ) ;

legend(” exacte’,  explicite’,  inplicite’,” runge kutta’)
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