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%Time-dependent propagation in 1D using the Split-Operator method
%in a 1D grid representation - Everything in atomic units (a.u.)

%First define the 1D spatial grid z
nz=128;   %Number of grid points
zmin=-10; %Spatial grid minimum (a.u.)
zmax=10;  %Spatial grid maximum (a.u.)
dz=(zmax-zmin)/(nz-1); %Spatial grid step (a.u.) NB (nz-1)= # of intervals
z=[zmin:dz:zmax]; %Value of z (a.u.) at each grid point

%Now define the potential (harmonic oscillator here)
kspring=1.0; %Spring constant for the harmonic oscillator (a.u.)
V=0*z; %Creates null vector of size nz
for j=1:nz,
    V(j)=0.5*kspring*(z(j))^2;
end
plot(z,V) %Plot the potential
pause %Wait until you press a key

%Define the exact ground state
psi_exact=0*z; %Creates null vector of size nz
mass=1; %Particle mass in a.u.
for j=1:nz,
    %Harmonic oscillator ground state
    psi_exact(j)=((sqrt(mass*kspring)/pi)^(0.25))*exp(-(z(j)*z(j))/2);
end
plot(z,psi_exact,'r','LineWidth',2)
hold on                                 %Fix the axis scaling of the plot
axis([-10 10 0 0.8])                 %Define manually the axix scaling
pause %Wait until you press a key

%Now prepare an initial wavefunction
psi=0*z; %Creates null vector of size nz
psi(:)=sqrt(1/(nz*dz)); %Constant normalized initial guess
Norm=(sum(psi(1:nz).^2))*dz %Verify norm

wavepacket_evolution=plot(z,real(psi),'-.','LineWidth',2); %Plot wavefunct

%Define time step
dt_as=0.01; %Time step in as
dt=dt_as/24.188843; %Time step in a.u.

%Now define the potential energy propagator during time interval dt
propV=0*z; %Creates null vector of size nz
for j=1:nz,
    propV(j)=exp(-V(j)*dt); %Potential energy propagator
end

%Now define the kinetic energy propagator during time intervat dt/2
%First define the grid in k
dk=2*pi/(nz*dz); %Momentum grid step (a.u.)
k=0*z; %Creates null vector of size nz
for j=1:nz/2-1,
    k(j)=(j-1)*dk;     %Value of k (a.u.) at each grid point
end
for j=nz/2:nz,
    k(j)=-(nz+1-j)*dk; %Value of k (a.u.) at each grid point
end
%Then define the value of kinetic energy (a.u.) at each momentum grid point
KE=0*z; %Creates null vector of size nz
for j=1:nz,
    KE(j)=(k(j)*k(j))/(2*mass); %value of kinetic energy (a.u.)
end

%And then define the kinetic energy propagator
propT=0*z; %Creates null vector of size nz



for j=1:nz,
    propT(j)=exp(-KE(j)*dt/2); %Kinetic energy propagator
end

%Start wave packet evolution
for time=1:6000,
    
    %Kinetic energy propagation during time interval dt/2
    psi_momentum=fft(psi); %Fourrier transform
    for j=1:nz,
        psi_momentum(j)=propT(j)*psi_momentum(j); %Propagation
    end
    psi=ifft(psi_momentum); %Inverse Fourrier transform
    
    %Potential energy propagation during time interval dt
    for j=1:nz,
        psi(j)=propV(j)*psi(j); %Propagation
    end
    
    %Kinetic energy propagation during time interval dt/2
    psi_momentum=fft(psi); %Fourrier transform
    for j=1:nz,
        psi_momentum(j)=propT(j)*psi_momentum(j); %Propagation
    end
    psi=ifft(psi_momentum); %Inverse Fourrier transform
    
    %Renormalize
    Norm=sum(psi(1:nz).^2)*dz;
    psi(:)=psi(:)/sqrt(Norm);
    
    set(wavepacket_evolution,'YData',real(psi)); %Redefine the y-value
    drawnow                                      %And replot the wavefunct
    
end

%Calculate potential energy
pen=0;
for j=1:nz,
    pen=pen+V(j)*psi(j)^2;
end
pen=pen*dz;

%Calculate kinetic energy
psi_momentum=fft(psi); %Fourrier transform
for j=1:nz,
    psi_momentum(j)=KE(j)*psi_momentum(j); %Propagation
end
psi2=ifft(psi_momentum); %Inverse Fourrier transform
ken=0;
for j=1:nz,
    ken=ken+psi(j)*psi2(j);
end
ken=ken*dz;
energy=pen+ken
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