5.

a. If we look for periodic solutions of the time-depend&chrodinger

equation 5.38 (p103), that is, solutions of the foirte,y, z,t) =
o(z,y,z)e ™', we get the 3D "steady-state” Schrodinger equation

5.39, with & = g—;’ For the Hydrogen atom, the simplest possible
case, the potential energy of the electron is giveiVigy) = _475620;)’

wherep is the distance of the electron from the proton, which is con-
sidered fixed at the origirg is the charge of an electron or proton,
ande is the permittivity of free space. If the electron energys ex-
pressed in units of electron volts, and distance in Angsst@quation
5.39 becomes:

2 3.7796 —
V2¢ + \/ﬁgb = —0.26248 E¢
The boundary condition is that must be 0 ap = oo, takecco to be
p = 10. We are looking for energy values (E) for which there is a non-
zero solution, so this is an eigenvalue problem. First sthligeas a 3D
eigenvalue problem, and look for the eigenvalue (E) clogest15,
which should be-13.60. Use spherical coordinates with a nonuniform
grid, you need more gridlines near= 0. (This problem is almost in-
teractive driver example 11). Make MATLAB plots of the prbiday
distribution function|¢|? at constant longitude and constant latitude
cross-sections. Note that there are parameters ICS1)JICS2jn the
pde2d.m code which determine which cross-sections areegldiy
MATLAB. Since you turn in only your Fortran code, it is sugtgs
that you set these correctly in the Fortran rather than rassh in
pde2d.m everytime you run runpde2d. (Remember: to make MAT-
LAB plots, remove all occurrences of "C!” with a single editmm-
mand, then when you run your program, files pde2d.m and pabgid.
will be created. Move these back to your PC and run pde2d.ngusi
MATLAB, with pde2d.rdm in the same directory.)
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b. Next, solve this as a 1D problem, by writiRgf ¢ asg%‘é’ + %g—i’. This
time compute all eigenvalues (set p8z=-20 so the eigenvallosest
to -20 will be printed first). These will include only the eggrevels
whose probability distributions are functions @only, the first two
should beF; = —13.60 and £y, = —3.40.

a. Now we will solve the 2D nonlinear minimal surface peshl7.18
(p134). The region will be the "hour-glass” figurel, < x < 1, —(1+
r?) < y < (1 + z?), and on the boundary of this figure, the surface
has a height. = z?/2. Solve using the Galerkin method, and make
a PDE2D surface or contour plot afz, y). Compute the integral of
u over the region. This is a highly nonlinear problem, so aoras
able initial guess is important, otherwise Newton’s methwaly not
converge.

b. Re-solve the problem using the collocation method. Thiisrequire
expanding out the indicated divergence and simplifyinggfeation.
Make a PDE2D contour plot and a MATLAB surface plot of the min-
imal surface.
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