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Schema d'Euler
initiallisation

  w0 = 2*pi;
  q0 = 1; qdot0 = 0;
  T0 = 3;
  dt1 = 0.01;
  %dt1 = 0.2;utilisee dans la partie 5
  dt2 = 0.05;
  %dt2 = 0.5;utilisee dans la partie 5
  T1 = linspace(0,3,T0/dt1+1);
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  T2 = linspace(0,3,T0/dt2+1);
  Eexact1(1,1:T0/dt1+1)=2*pi^2;
  Eexact2(1,1:T0/dt2+1)=2*pi^2;
  U = [];
  U(1,1) = q0;
  U(2,1) = qdot0;

Explicite
2.2

  Uex2 = U;
  Uex1 = U;
  Aex1 = [1 dt1;-w0^2*dt1 1];
  Aex2 = [1 dt2;-w0^2*dt2 1];

solution explicite
  for j = 1:T0/dt1
      Uex1(:,j+1) = Aex1 * Uex1(:,j);
  end
  for j = 1:T0/dt2
      Uex2(:,j+1) = Aex2 * Uex2(:,j);
  end

2.3
  figure(1)
  plot(T1,Uex1(1,:));
  hold on
  plot(T2,Uex2(1,:));
  grid on
  legend('dt=0.01','dt=0.05')
  xlabel('t')
  ylabel('q')
  title('variation de q selon t');
  hold off
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2.4
  Eex1 = 1/2*(power(Uex1(2,:),2) + w0^2*power(Uex1(1,:),2));
  Eex2 = 1/2*(power(Uex2(2,:),2) + w0^2*power(Uex2(1,:),2));

  figure(2)
  %dt = 0.01
  plot(T1,Eex1,'r');
  hold on
  plot(T1,Eexact1(1,:),'');
  grid on
  legend('Eexp-0.01','E-exact')
  xlabel('t')
  ylabel('energie')
  title('variation de E selon t');
  hold off
  %dt = 0.05
  figure(3)
  plot(T2,Eex2,'r');
  hold on
  plot(T2,Eexact2(1,:),'b');
  grid on
  legend('Eexp-0.05','E-exact')
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  xlabel('t')
  ylabel('energie')
  title('variation de E selon t');
  hold off
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2.5
  vpex1 = eig(Aex1);
  vpex2 = eig(Aex2);
  vpex1_norme = abs(vpex1);
  vpex2_norme = abs(vpex2);

Implicite
initialisation

  Aim1 = [1-dt1^2*w0^2 dt1*(1-dt1^2*w0^2);-dt1*w0^2 1-dt1^2*w0^2];
  Aim2 = [1-dt2^2*w0^2 dt2*(1-dt2^2*w0^2);-dt2*w0^2 1-dt2^2*w0^2];
  Uim1 = U;
  Uim2 = U;

solution implicite
  for j = 1:T0/dt1
      Uim1(:,j+1) = Aim1 * Uim1(:,j);
  end
  for j = 1:T0/dt2
      Uim2(:,j+1) = Aim2 * Uim2(:,j);
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  end

3.2 Comparasion des q quand dt = 0.01s
  figure(4)
  subplot(2,1,1);
  plot(T1,Uex1(1,:),T1,Uim1(1,:),T1,cos(2*pi*T1));
  grid on
  legend('q-exp','q-imp','q-exact')
  xlabel('t')
  ylabel('q')
  title('variation de q selon t quand dt=0.01');

3.3 influence de pas de temps
  subplot(2,1,2);
  plot(T2,Uex2(1,:),T2,Uim2(1,:),T2,cos(2*pi*T2));
  grid on
  legend('q-exp','q-imp','q-exact')
  xlabel('t')
  ylabel('q')
  title('variation de q selon t quand dt=0.05');
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3.4 Calculs de E* dans le cas explicite
  Eim1 = 1/2*(power(Uim1(2,:),2) + w0^2*power(Uim1(1,:),2));
  Eim2 = 1/2*(power(Uim2(2,:),2) + w0^2*power(Uim2(1,:),2));

  figure(5)
  subplot(2,1,1);
  plot(T1,Eex1,T1,Eim1,T1,Eexact1(1,:));
  grid on
  legend('E-exp','E-imp','E-exact')
  xlabel('t')
  ylabel('q')
  title('variation de E* selon t quand dt=0.01');
  subplot(2,1,2);
  plot(T2,Eex2,T2,Eim2(1,:),T2,Eexact2(1,:));
  grid on
  legend('E-exp','E-imp','E-exact')
  xlabel('t')
  ylabel('q')
  title('variation de q selon t quand dt=0.05');
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3.5 Valeur propre
  vpim1 = eig(Aim1);
  vpim2 = eig(Aim2);
  vpim1_norme = abs(vpim1);
  vpim2_norme = abs(vpim2);

schema de RUNGE KUTTA
Initialisation

  A = [0 1;-w0^2 0]; %Xp = A*X, X = [q;qp];
  Urk1 = U;
  Urk2 = U;

Resolution RK-45
  for j = 1:T0/dt1
      k1 = A * Urk1(:,j);
      k2 = A * (Urk1(:,j) + k1*dt1/2);
      k3 = A * (Urk1(:,j) + k2*dt1/2);
      k4 = A * (Urk1(:,j) + k3*dt1/2);
      K = (k1+2*k2+2*k3+k4)/6;
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      Urk1(:,j+1) = Urk1(:,j) + K*dt1;
  end
  for j = 1:T0/dt2
      k1 = A * Urk2(:,j);
      k2 = A * (Urk2(:,j) + k1*dt2/2);
      k3 = A * (Urk2(:,j) + k2*dt2/2);
      k4 = A * (Urk2(:,j) + k3*dt2/2);
      K = (k1+2*k2+2*k3+k4)/6;
      Urk2(:,j+1) = Urk2(:,j) + K*dt2;
  end

plot pour comparaision
  %4.3 quand dt = 0.01s

  figure(6)
  subplot(2,1,1);
  plot(T1,Uex1(1,:),T1,Uim1(1,:),T1,Urk1(1,:),T1,cos(2*pi*T1));
  grid on
  legend('q-exp','q-imp','q-RK45','q-exact')
  xlabel('t')
  ylabel('q')
  title('variation de q selon t quand dt=0.01');

  subplot(2,1,2);
  plot(T2,Uex2(1,:),T2,Uim2(1,:),T1,Urk1(1,:),T2,cos(2*pi*T2));
  grid on
  legend('q-exp','q-imp','q-RK45','q-exact')
  xlabel('t')
  ylabel('q')
  title('variation de q selon t quand dt=0.05');
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4.4 Calculs de E* dans le cas RK45
  Erk1 = 1/2*(power(Urk1(2,:),2) + w0^2*power(Urk1(1,:),2));
  Erk2 = 1/2*(power(Urk2(2,:),2) + w0^2*power(Urk2(1,:),2));

  figure(7)
  subplot(2,1,1);
  plot(T1,Eex1,T1,Eim1,T1,Erk1,T1,Eexact1(1,:));
  grid on
  legend('E-exp','E-imp','E-RK45','E-exact')
  xlabel('t')
  ylabel('q')
  title('variation de E* selon t quand dt=0.01');
  subplot(2,1,2);
  plot(T2,Eex2,T2,Eim2(1,:),T2,Erk2,T2,Eexact2(1,:));
  grid on
  legend('E-exp','E-imp','E-RK45','E-exact')
  xlabel('t')
  ylabel('q')
  title('variation de E* selon t quand dt=0.05');
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schema de NEWMARK
Initialisation

  gamma = 0.5;
  beta = 0.25;
  beta2 = 0;

  B1 = [1+beta*dt1^2*w0^2 0;gamma*dt1*w0^2 1];
  C1 = [1-(0.5-beta)*dt1^2*w0^2 dt1;(gamma-1)*dt1*w0^2 1];
  Anm1 = inv(B1) * C1;

  B2 = [1+beta*dt2^2*w0^2 0;gamma*dt2*w0^2 1];
  C2 = [1-(0.5-beta)*dt2^2*w0^2 dt2;(gamma-1)*dt2*w0^2 1];
  Anm2 = inv(B2) * C2;

  B3 = [1+beta2*dt1^2*w0^2 0;gamma*dt1*w0^2 1];
  C3 = [1-(0.5-beta2)*dt1^2*w0^2 dt1;(gamma-1)*dt1*w0^2 1];
  Anm3 = inv(B3) * C3;

  B4 = [1+beta2*dt2^2*w0^2 0;gamma*dt2*w0^2 1];
  C4 = [1-(0.5-beta2)*dt2^2*w0^2 dt2;(gamma-1)*dt2*w0^2 1];
  Anm4 = inv(B4) * C4;

  Unm1 = U;
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  Unm2 = U;
  Unm3 = U;
  Unm4 = U;

Resolution
  for j = 1:T0/dt1
      Unm1(:,j+1) = Anm1 * Unm1(:,j);
      Unm3(:,j+1) = Anm3 * Unm3(:,j);
  end
  for j = 1:T0/dt2
      Unm2(:,j+1) = Anm2 * Unm2(:,j);
      Unm4(:,j+1) = Anm4 * Unm4(:,j);
  end

Quand dt = 0.01 plot pour comparaision Q 5.1.2
  figure(8)
  subplot(2,1,1);
  plot(T1,Uex1(1,:),T1,Uim1(1,:),T1,Urk1(1,:),T1,Unm1(1,:),T1,cos(2*pi*T1));
  grid on
  legend('q-exp','q-imp','q-RK45','q-NEWMARK0.01','q-exact')
  xlabel('t')
  ylabel('q')
  title('variation de q selon t quand dt=0.01');

  subplot(2,1,2);
  plot(T2,Uex2(1,:),T2,Uim2(1,:),T2,Urk2(1,:),T2,Unm2(1,:),T2,cos(2*pi*T2));
  grid on
  legend('q-exp','q-imp','q-RK45','q-NEWMARK','q-exact')
  xlabel('t')
  ylabel('q')
  title('variation de q selon t quand dt=0.05');
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5.1.3 Calculs de E* dans le cas NEWMARK
  Enm1 = 1/2*(power(Unm1(2,:),2) + w0^2*power(Unm1(1,:),2));
  Enm2 = 1/2*(power(Unm2(2,:),2) + w0^2*power(Unm2(1,:),2));

  figure(9)
  subplot(2,1,1);
  plot(T1,Eex1,T1,Eim1,T1,Erk1,T1,Enm1,T1,Eexact1(1,:));
  grid on
  legend('E-exp','E-imp','E-RK45','E-NEWMARK','E-exact')
  xlabel('t')
  ylabel('q')
  title('variation de E* selon t quand dt=0.01');
  subplot(2,1,2);
  plot(T2,Eex2,T2,Eim2(1,:),T2,Erk2,T2,Enm2,T2,Eexact2(1,:));
  grid on
  legend('E-exp','E-imp','E-RK45','E-NEWMARK','E-exact')
  xlabel('t')
  ylabel('q')
  title('variation de E* selon t quand dt=0.05');
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5.1.4 Valeur propre
  vpnm1 = eig(Anm1);
  vpnm2 = eig(Anm2);
  vpnm1_norme = abs(vpnm1);
  vpnm2_norme = abs(vpnm2);

5.2.2
  figure(10);
  plot(T1,Uex1(1,:),T1,Uim1(1,:),T1,Urk1(1,:),T1,Unm1(1,:),T1,Unm3(1,:),T1,cos(2*pi*T1));
  grid on
  legend('q-exp','q-imp','q-RK45','q-NEWMARK-beta0.25','q-NEWMARK-beta0','q-exact')
  xlabel('t')
  ylabel('q')
  title('variation de q selon t quand dt=0.01');
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5.2.3 les comparaison quand dt = 0.2 et dt = 0.5
figure(11);
plot(T1,Unm1(1,:),T1,Unm3(1,:),T1,cos(2*pi*T1));
grid on
legend('q-NEWMARK-beta0.25','q-NEWMARK-beta0','q-exact')
xlabel('t')
ylabel('q')
title('variation de q selon t quand dt=0.2');

figure(12);
plot(T2,Unm2(1,:),T2,Unm4(1,:),T2,cos(2*pi*T2));
grid on
legend('q-NEWMARK-beta0.25','q-NEWMARK-beta0','q-exact')
xlabel('t')
ylabel('q')
title('variation de q selon t quand dt=0.5');
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