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1-dim Schrodinger Equation

Consider the Schrodinger equation describing the evolution of a
quantum state V:

in2Y = H where H= —7v2 V()
The wave function ¥ must satisfy the unitary condition
“+oo
/ W2dPx =1

and boundary conditions
V(X — o0, t) =0
For simplicity, we will consider the 1-dim case, where

m? 92
H= *ﬁﬁ + V(X)

we will alsoseti=1and m=1/2
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What type of discretization is
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Re-write is as
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lterative Crank-Nicolson

Recall that the approximation to 0,V = p[V]

\Un+1 _yn wn+1 —_yn
At _p[ 2 }

will require a matrix inversion because of W"*' in the r.h.s. of the
equation. Is there a way to avoid this?

Yes, we will obtain W+ from a series of intermediate steps similar to
the Runge-Kuta method.
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s Loop over desired number of steps (wave circles System once) gx“
‘E\'\\ D for iter=1l:max_iter M’m
%+ Current becomes old
psi_o = psi;
%« ICN loop

for icn_step = 0:2

hsbsi
'I'J Calculate average
XI psi_h = 0.5%(psi + psi_o); w

% calculate RHS of equation

a kw rhs_psi = -i_imagxham*psi_h;
N %« Take a step
‘ pl psi = psi + taukrhs_psi; WJR"QJ

%« End ICN loop
end

%+ Periodically record values for plotting

if( rem(iter,plot_iter) < 1)
iplot = iplot+1;
p_plot(:,iplot) = psi.xconj(psi);
plot(x,p_plot(:,iplot)); % Display snap-shot of P(x)
xlabel('x'); ylabel('P(x,t)');
title(sprintf('Finished %g of %g iterations',iter,max_iter));
axis(axisV); drawnow;

end

end



