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x = linspace(-1,1,100);
for n = 0:5
  Tn = cos(n*acos(x));
  plot(x,Tn,'Linewidth',3); hold on;
end









T10 = @(x) cos(10*acos(x));
T10a = @(x) 512*x^10-1280*x^8+1120*x^6-400*x^4+50*x^2-1;
T10b = @(x) (((((((((512*x+0)*x-1280)*x+0)*x+1120)*x+0)*x-400)*x...
             +0)*x+50)*x+0)*x-1;
eps, T10a(1-eps)-T10(1-eps), T10b(1-eps)-T10(1-eps)















% Interpolation analytischer Funktion
n = 3;
x = linspace(-1,1,n+1); % Stuetzstellen
t = linspace(-2,2,100); % fuer Graph

p = polyfit(x,cos(x),n);
plot(t,cos(t),'k','Linewidth',3,t,polyval(p,t),'b','Linewidth',3);

% Runges Beispiel
n = 21;
x = linspace(-1,1,n+1); % Stuetzstellen

p = polyfit(x,1./(1+25*x.^2),n);
plot(t,1./(1+25*t.^2),'k','Linewidth',3,t,polyval(p,t),'b','Linewidth',3);
axis([-1.5 1.5 -5 5]);



% omega fuer aequidistante Stuetzstellen
n = 21;
x = linspace(-1,1,n+1); % Stuetzstellen
t = linspace(-1,1,100); % fuer Graph
omega = 1;
for i = 1:length(x)
  omega = omega .* (t-x(i));
end
plot(t,abs(omega),'Linewidth',3);

% Runges Beispiel mit Cebysev Interpolation
x = cos((2*(1:n)-1)*pi/2/n); % Cebysev Stuetzstellen
p = polyfit(x,1./(1+25*x.^2),n);
plot(t,1./(1+25*t.^2),'k','Linewidth',3,t,polyval(p,t),'b','Linewidth',3);



% Ln-Funktion
n = 10;
Ln = 0;
for i = 0:n
  y = zeros(1,n+1);
  y(i+1) = 1;
  p = polyfit(x,y,n);
  Ln = Ln + abs(polyval(p,t));
end
plot(t,Ln,'Linewidth',3);

% Interpolation mit Stuetzwert-Fehler
x = linspace(-1,1,n+1); % Stuetzstellen
t = linspace(-1,1,100); % fuer Graph
y = cos(x) + .01 * randn(size(x));
p = polyfit(x,y,n);
plot(t,cos(t),'k','Linewidth',3,t,polyval(p,t),'b','Linewidth',3);









img = double(imread('Schloss.png'));
imagesc(img); colormap(gray);

edgeDet = zeros(size(img));
edgeDet(1:3,1:3) = [0 -1 0;-1 0 1;0 1 0];
edges = real( ifft2( fft2(img) .* fft2(edgeDet) ) );
imagesc(edges);

smoother = zeros(size(img));
n = 20;
gauss = exp(-(-n:n).^2/n^2);
smoother(1:2*n+1,1:2*n+1) = gauss'*gauss;
smoothed = real( ifft2( fft2(img) .* fft2(smoother) ) );
imagesc(smoothed);



imgHat = fft2(img);
imgHat = imgHat(round([1:end/10,9*end/10:end]),round([1:end/10,9*end/10:end]));
compressed = real( ifft2( imgHat ) );
imagesc(compressed);
numel(img) / numel(imgHat)

n = 200;
x = linspace(0,1,n); % alle xj
h = x(2)-x(1); tau = 1e-5;
w = zeros(1,n); w([1 2 n]) = [-2 1 1]/h^2;
factor = 1./(1-tau*fft2(w));
y = rand(1,n);
for j = 1:3000
  plot(x,y,'Linewidth',3);
  axis([0 1 0 1]);
  y = real(ifft2(fft2(y).*factor));
  pause(.1);
end











% abgeschnittene Potenz
p = @(t,n) max(0,t).^n;
% kubischer B-spline
B = @(t) p(-t,3)/6-2/3*p(1-t,3)+p(2-t,3)-2/3*p(3-t,3)+p(4-t,3)/6;

t = linspace(-3,6,100);
for j = -3:2
  plot(t,B(t-j),'Linewidth',3); hold on;
end;
plot(t,4/3*B(t+3)-2/3*B(t+2)+4/3*B(t+1)+4/3*B(t)-2/3*B(t-1)+4/3*B(t-2),...
     'r','Linewidth',3);



















function exampleQuadrature
  % Integranden
  f = cell(3);
  f{1} = @(x) 1./(1+25*x.^2);
  f{2} = @(x) exp(x);
  f{3} = @(x) sin(x*pi+1)-cos(2*x*pi);
  % Integral auf [-1,1]
  val = [2*atan(5)/5 exp(1)-exp(-1) 0];

  % geschlossene Newton-Cotes-Quadratur
  n = 50;
  error = zeros(3,n);
  for i = 1:n
    % Stuetzstellen
    x = linspace(-1,1,i+1);
    % Gewichte
    weights = computeQuadratureWeights( x, -1, 1 );
    % Quadratur
    for j = 1:3
      error(j,i) = abs(weights*f{j}(x')-val(j));
    end
  end
  subplot(1,3,1);
  semilogy(1:n,error,'Linewidth',3);



  % Gauss-Quadratur
  error = zeros(3,n);
  for j = 2:n
    % Legendre-Polynom-Nullstellen
    syms x;
    roots = vpasolve( legendreP(j,x) == 0 );
    % Gewichte
    weights = computeQuadratureWeights( roots, -1, 1 );
    % Quadratur
    for i = 1:3
      error(i,j) = abs(weights*f{i}(roots)-val(i));
    end
  end
  subplot(1,3,2);
  semilogy(1:n,error,'Linewidth',3);
  
  % summierte Trapezregel
  error = zeros(3,n);
  for j = 1:n
    % Stuetzstellen
    x = linspace(-1,1,j+1);
    % Quadratur
    for i = 1:3
      q = (sum(f{i}(x(2:end-1)))+f{i}(x(1))/2+f{i}(x(end))/2)*2/j;
      error(i,j) = abs(q-val(i));
    end
  end
  subplot(1,3,3);
  semilogy(1:n,error,'Linewidth',3);
end

% Quadratur-Gewicht-Berechnung
function weights = computeQuadratureWeights( knots, a, b )
  n = numel(knots)-1;
  weights = zeros(1,n+1);
  syms t lagrangeP;
  for j = 1:n+1
    % Lagrange Polynom
    lagrangeP = 1;
    for l = 1:n+1
      if ( l ~= j )
        lagrangeP = lagrangeP * (t-knots(l)) / (knots(j)-knots(l));
      end
    end
    % Integral des Lagrange Polynoms
    weights(j) = int(lagrangeP,'t',a,b);
  end
end









ms = 1.989e30; % Masse Sonne [kg]
me = 5.972e24; % Masse Erde [kg]
mm = 7.349e22; % Masse Mond [kg]
G = 6.674e-20; % Gravitationskonstante [kg km^3/s^2]

g = @(ys,ye,ym) G*[me*(ye-ys)/norm(ye-ys)^3+mm*(ym-ys)/norm(ym-ys)^3;
                   ms*(ys-ye)/norm(ys-ye)^3+mm*(ym-ye)/norm(ym-ye)^3;
                   ms*(ys-ym)/norm(ys-ym)^3+me*(ye-ym)/norm(ye-ym)^3];

% Anfangsposition [km] & -Geschwindigkeit [km/s]
y0 = [0 0 0,1.496e8 0 0,1.496e8+370300 0 0,0 0 0,0 29.78 0,0 29.78+1.06 0]';

f = @(y,t) [y(10:18);g(y(1:3),y(4:6),y(7:9))];
%  [t,y] = ode15s(@(t,y) f(y,t),[0 60^2*24*365],y0);
y = lsode(f,y0,linspace(0,60^2*24*365,365));
ye = y(:,4:5);
ym = ye+20*(y(:,7:8)-ye); % übertreibe Mondposition
plot(ye(:,1),ye(:,2),'b','Linewidth',3,ym(:,1),ym(:,2),'k','Linewidth',3); axis equal;









% löse y' = t - y^2, y(0) = 0
f = @(t,y) t-y^2;
h = .1;     % Gitterweite
t = 0:h:1;  % Gitter
n = length(t)-1;
y = zeros(3,n+1);
for k = 1:n
  % explizites Eulerverfahren
  y(1,k+1) = y(1,k) + h * f( t(k), y(1,k) );
  % implizites Eulerverfahren
  y(2,k+1) = ( -.5 + sqrt(.25+h*(h*t(k+1)+y(2,k))) ) / h;
  % verbessertes Eulerverfahren
  y(3,k+1) = y(3,k) + h * ( f( t(k), y(3,k) ) ...
                            + f( t(k+1), y(3,k)+h*f(t(k),y(3,k)) ) ) / 2;
end
plot(t',y','.-','Linewidth',3,'Markersize',20);
hold on;
t = linspace(0,1,100);
y = lsode(@(y,t)f(t,y),0,t);
plot(t,y,'k','Linewidth',3);













f = @(t,y) 0;
for h = logspace(-1,-1.5,3)
  t = 0:h:1;
  n = length(t);
  y = zeros(1,n);
  y(2) = eps;
  for k = 3:n
    y(k) = 5*y(k-2) - 4*y(k-1) + h*( 2*f(t(k-2),y(k-2)) + 4*f(t(k-1),y(k-1)) );
  end;
  plot(t,y,'Linewidth',3); hold on; pause;
end;











% löse y'(t)=-20y(t) mittels Euler-Verfahren
for h = [.01 .05 .1 0.2]
  t = 0:h:1;
  y = ones(size(t));
  for k = 2:length(t)
    y(k) = y(k-1) - h*20*y(k-1);
  end
  plot(t,y,'Linewidth',3); hold on; pause;
end



for h = [1e-4 1e-1]   % für verschiedene Schrittweiten
  t = 0:h:1;
  n = length(t);
  y = zeros(2,n);     % Lösung des Systems
  y2 = zeros(1,n);    % Lösung für y2 unter Vernachlässigung von y1
  y(:,1) = [1e-6;1];
  y2(1) = 1;
  for k = 2:n         % Eulerverfahren
    y(:,k) = y(:,k-1) + h*[-100 0;1 -2]*y(:,k-1);
    y2(k)  = y2(k-1)  - h*2*y2(k-1);
  end
  plot(t,y2,'b','Linewidth',3); hold on; pause;
  plot(t,y,'r','Linewidth',3); hold off; pause;
end



h = .0201021698315;
t = 0:h:60;
n = length(t);
y = zeros(2,n);
y(:,1) = [2;1];
for mu = [0 1 2 5 10 20 50]
  mu
  for k = 2:n
    y(:,k) = y(:,k-1) + h*[y(2,k-1);mu*(1-y(1,k-1)^2)*y(2,k-1)-y(1,k-1)];
  end
  plot(t,y,'Linewidth',3); pause;
  if mu == 20
    axis([50 52 2 3]); pause;
  end
end









% Anfangswertproblem (Van der Pol-Oszillator)
f = @(y) [y(2);8*(1-y(1)^2)*y(2)-y(1)];
y = [2;0];
t = 0;

% Einschrittverfahren
phi = @(y,h) (f(y)+f(y+h*f(y)))/2;
p = 2;

% adaptive Lösung
epsilon = 1e-1;
h = .1;
T = zeros(1,1000); H = T; Y = [T;T]; counter = 0;
while t < 30
  yNew = y + h*phi(y,h);
  yNew2 = y + h/2*phi(y,h/2);
  yNew2 = yNew2 + h/2*phi(yNew2,h/2);
  tau = max(abs(2^p/(2^p-1)*(yNew2-yNew)/h));
  if tau > epsilon
    h = h/2;
  else
    t = t+h;
    y = yNew;
    if tau < epsilon/2^p
      h = h*2;
    end
    counter = counter+1;
    T(counter) = t;
    H(counter) = h;
    Y(:,counter) = y;
  end
end
T(counter+1:end) = []; H(counter+1:end) = []; Y(:,counter+1:end) = [];
subplot(1,2,1); plot(T,Y(1,:),'.','Markersize',20);
subplot(1,2,2); plot(T,H,'.','Markersize',20);
















