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11/5/14 6:59 AM /Users/sbrunton/Desktop/NUMERICA.../lorenz.m 1 of 1

function dy = lorenz(t,y,sigma,beta, rho)
% y 1s a three dimensional state-vector
dy = [

sigmax(y(2)-y(1));

y(1)*x(rho-y(3))-y(2);
y(1)*xy(2)-betaxy(3);

1;



11/5/14 6:59 AM /Users/sbrunton/Desktop/N.../rk4dsinglestep.m 1 of 1

function yout = rk4singlestep(fun,dt,t0,y0)

fl = fun(t0,y0);

f2 = fun(to+dt/2,y0+(dt/2)*f1);
f3 = fun(t0+dt/2,y0+(dt/2)*xf2);
f4 = fun(t0+dt,y0+dtxf3);

yout = y0 + (dt/6)*x(fl+2xf2+2xf3+f4);



11/5/14 6:59 AM /Users/sbrunton/Desk.../L18 simulateLORENZ.m 1l of 1

clear all

% Lorenz's parameters (chaotic)
sigma = 10;

beta = 8/3;

rho = 28;

% Initial condition
yo=[-8; 8; 27];

% Compute trajectory
dt =0.01;
tspan=[0:dt:4];

Y(:,1)=y0;

yin = yo;

for i=l:tspan(2)/dt
time = 1ixdt;
yout = rkd4singlestep(@(t,y)lorenz(t,y,sigma,beta,rho),dt,time,yin);
Y = [Y youtl;

yin = yout;
end
plot3(Y(1l:)lY(21:)lY(3l:)I Ibl)
hold on

[t,y] = oded45(@(t,y)lorenz(t,y,sigma,beta,rho),tspan,y0);
plot3(y(:,1),y(:,2),y(:,3),'r")



11/5/14 6:59 AM  /Users/sbrunton/Deskt.../L18 simLorenzSLOW.m

1 of 1

clear all

% Lorenz's parameters (chaotic)
sigma = 10;

beta = 8/3;

rho = 28;

% Initial condition - large cube of points
xvec = —20:2:20;

yvec = —-20:2:20;

zvec = —-20:2:20;

[x0,y0,2z0] = meshgrid(xvec,yvec,zvec);
yIC(1,:,:,:) = x0;

yIC(2,:,:,:) = y0;

yIC(3,:,:,:) = z0;

plot3(yIC(1,:),yIC(2,:),yIC(3,:), 'r."', LineWwidth',2, '"MarkerSize",4)

axis([-40 40 -40 40 -40 40])
view(20,40);
drawnow

%% Compute trajectory
dt =0.01;

duration = 4
tspan=[0,duration];

L = duration/dt;
yparticles = yIC;

% this code is slow because MATLAB is not compiled
% we use nested for loops to step through every single IC in the cube

% one at a time...
for step=1:L
time = stepxdt
for i=1:1length(xvec)
for j=1:length(yvec)
for k=1:length(zvec)
yin = yparticles(:,1i,j,k);

yout = rkdsinglestep(@(t,y)lorenz(t,y,sigma,beta, rho),dt,time,yin);

yparticles(:,1i,j,k) = yout;
end
end
end

plot3(yparticles(1,:),yparticles(2,:),yparticles(3,:),'r.", 'LineWidth"',2, 'MarkerSize"',4)

view(20,40);
axis([-40 40 -40 40 -10 40])
drawnow

end



11/5/14 7:00 AM /Users/sbrunton/Desktop/NUMERI.../lorenz3D.m 1 of 1

function dy = lorenz3D(t,y,sigma, beta, rho)
% y 1s a three dimensional state-vector
dy = [
sigmax(y(2,:,:,:)-y
y(1,:,:,:).% (rho y(
¥(1,:,:, )oxky(2,:,:

(1,:,:,:));
3,:,:5,0))=y(2,:,:,1);
i) - beta*y(3,.,:,:);



11/5/14 7:00 AM /Users/sbrunton/Deskt.../L18 simLorenzFAST.m

1 of 1

clear all

(o)

% Lorenz's parameters (chaotic)
sigma = 10;

beta = 8/3;

rho = 28;

% Initial condition 1 - Large cube of data
yo=[0 0 0];

xvec = -20:2:20;

yvec = —-20:2:20;

zvec = —-20:2:20;

% Initial condition 2 - small cube around initial condition from last class
yo=[-8; 8; 271;

xvec = -1:.1:1;
yvec = -1:.1:1;
zvec = -1:.1:1;

% Initial condition 3 - even smaller cube around initial condition
yo=[-8; 8; 27];

° 0% 0° ° 0° d° ° o° o° o°

xvec = -.1:.01:.1;
yvec = -.1:.01:.1;
s zveCc = —.1:.01:.1;
[x0,y0,z0] = meshgrid(xvec+y0(1),yvec+y0d(2),zvec+yd(3));
yIC(1,:,:,:) = x0;
yIC(2,:,:,:) = y0;
yIC(3,:,:,:) = z0;

plot3(yIC(1,:),yIC(2,:),yIC(3,:), 'r.", "LinewWidth"',2, '"MarkerSize',10)
axis([-40 40 -40 40 -40 40])

view(20,40);

drawnow

%% Compute trajectory
dt =0.01;

duration = 4
tspan=[0,duration];

L = duration/dt;

yin = yIC;
for step = 1:L
time = step*dt
yout = rkdsinglestep(@(t,y)lorenz3D(t,y,sigma,beta,rho),dt,time,yin);

yin = yout;
plot3(yout(1,:),yout(2,:),yout(3,:),"'r.", 'LineWidth',2, '"MarkerSize"',10)
view(20+360xstep/L,40);
axis([-40 40 -40 40 -10 40])
drawnow

end



