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1 - schrodinger.m - 2009-04-06 13:34 - Charles Kankelborg

$ Implementation of the time-independent Schrodinger equation for an
$ assumed energy eigenvalue E and arbitrary 1D potential, V(x).

function dgdx = schrodinger(q, x, E, V)

% Interpret state of the system
psi = q(l);
dpsi_dx = g(2);

% Schrodinger equation
d2psi dx2 = ( V(x) - E ) * psi;

% Return derivative of state vector
dgdx = [dpsi dx; d2psi_dx2];

% Note that the output is a column vector. This makes the ODEs compatible

% with lsode rather than my lsode2 hack.
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1 - vlsquare.m - 2009-04-06 13:34 - Charles Kankelborg

$ square well potential. Width is 1, depth is 100.
function vl = vlsquare(x)

inside = ( abs(x) < 1 );
vl(inside) = -100;
vl(!inside) = 0;



1 - vlskewed.m - 2009-04-06 14:33 - Charles Kankelborg

% Skewed potential well. FWHM is 1, depth is 100.

¢ All of the nonzero potential is contained within -2.5 < x < 2.5,
% and the integral of the potential equals -2 (same as vlsquare).
function vl = vlskewed(x)

steep = (x >= -1.5) & (x <= -0.5);
vl( steep ) = 50 * ( - 1 - sin( (lt+x(steep)) * pi) );

gradual = (x >= -0.5) & (x <= 2.5);
vl( gradual ) = 50 * ( - 1 - sin( (l-x(gradual)) * pi/3) );

vli( (x <= -1.5) | (x >= 2.5) ) = 0;

-~ 1 - vlrounded.m - 2009-04-06 14:33 - Charles Kankelborg

% Rounded-off square well potential. FWHM is 1, depth is 100.

% All of the nonzero potential is contained within -2 < x < 2,

% and the integral of the potential equals -2 (same as vlsquare).
function vl = vlrounded(x)

inside = ( abs(x) < 2 );
vl(inside) = 50 * ( - 1 - cos(x(inside) * pi/2) );
vl(!inside) = 0;



1 - vlpotentialsTest.m - 2009-04-06 14:35 - Charles Kankelborg

% Plot several of the potentials for handy comparison.
function vlpotentialsTest

x = linspace(-3, 3, 1000);

plot(x, vlsquare(x), 'k', x, vlrounded(x), 'b', x, vlskewed(x), 'r')
axis([-3,3,-120,20])

title('Potential Wells', 'fontsize',20)

xlabel('{x} (L=1)','fontsize',18)

ylabel('V_1(x) ( h~2/8\pi~2mL~2 = 1 )', 'fontsize',18)
legend('vlsquare', 'vlirounded', 'vliskewed')
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1 - oneshot.m - 2009-04-06 13:34 - Charles Kankelborg

% Integrate Schrodinger's equation once for a particular potential V, given
% as a function handle, a domain width w (centered at x=0), and an assumed
% (possibly incorrect) eigenvalue E. The procedure is:

$ - Start with a V=0 boundary condition at x = -w/2.

$ - Integrate to find psi(x) on -w/2 < x < w/2.

% - Normalize psi, dpsi/dx so that max(psi) = 1 (nice for plotting).

& - Evaluate deviation from V=0 boundary condition at x = w/2.

% - Return this deviation as the error, 'err'.

% The roots of err as a function of E are the correct energy eigenvalues.
$ The returned g is an array of psi and d/dx(psi)

% CCK 2009-Apr-05

function [err, g, x] = oneshot(E, V, w, Npoints)

if !exist('Npoints','var')
Npoints = 1000; % default value
end

x = linspace(-w/2, w/2, Npoints);

% boundary conditions
psi 0 = 1; % completely arbitrary
dpsi dx 0 = psi 0 * sqrt(-E); _
$ consistent with psi --> 0 as x --> -infinity, if V=0.
g 0 = [psi 0, dpsi_dx 01];

% integrate the ODE
q = lsode(@(g,x) schrodinger(q,x,E,V), g 0, X);

$ Normalize the wave function to a maximum of 1.
normalization = max( abs(g(:,1l)) );
q = g/normalization;

% evaluate the error
psi final = g(Npoints,1l);
dpsi_dx final = g(Npoints,2);
err = dpsi_dx final + sqrt(-E) * psi_final;
% err == 0 is equivalent to psi --> 0 as x --> infinity with V=0.



1 - oneshotTest.m - 2009-04-06 13:34 - Charles Kankelborg

% Test of oneshot.m
function oneshotTest

N_energies = 100;
E lowest = -100;
E = linspace(E_lowest, 0, N_energies);
width = 6; % This means -3 < x < 3.
for i=1:N_energies

5%

err(i) = oneshot(E(i), @vlsquare, width);
end

plot(E, err)

% plot(E, sign(err).*abs(err).”(1/7) )

xlabel('{E}', 'fontsize', 18);

ylabel('{err}', 'fontsize', 18);

title('oneshotTest.m: Eigenvalues are the roots.', 'fontsize', 20)

oo

Note that the root at E=0 is an artifact!

% err(E) is sometimes almost discontinuous near the roots. Unless E

% is very close to an eigenvalue, the result of the shooting is a wave

¢ function psi(x) that grows exponentially when the potential is near zero,
% resulting in a large error compared to the boundary condition.

Normalieas+ion
IO o L oA T ol

% of psi scales this large error down, so that all the wildly erroneous
results

% are of similar order. The typical error in dpsi/dx is of order sqrt(-E),
so

% the "err" as defined in oneshot.m tends to look like a square wave
multiplied

% by +/- sqrt(E).
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