Problem Set 11

Hydrogen Atom

. Show that the hydrogen atom v, ;,,, wavefunctions are eigenfunctions of the Hamiltonian.

. Determine whether or not the hydrogen atom 1, ,,, wavefunctions are eigenfunctions of the
L, operator. What are the eigenvalues?

. Determine whether or not the hydrogen atom 1, ,,, wavefunctions are eigenfunctions of the
L? operator. What are the eigenvalues?

. Show that the 1, ,, wavefunctions are orthonormal.
. Calculate the expectation value: , where 7 = r for the vy, ,,, wavefunctions.
. Calculate the expectation value: , where & = r sin 6 cos ¢ for the 1, ; »,, wavefunctions.

, where £ = r cos 0 for the vy, ,,, wavefunctions.

. Plot the radial part of the hydrogen atom wavefunction, Iz, ;, for the lowest few values of n

and [.



Some Potentially Useful Equations

Hydrogen Atom
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Angular momentum operators
L, = —ih (y% — za%) = —ih <—sin qb% — cot 0 cos gb%)
ﬁy = —ih (Za% — m%) = —ih (cos QS% — cot 6 sin gb%)

L.=—ih (xa% - yé%) — —ih (a%)

=12+ L2+ 12

Spherical Polar Coordinates

x = r sin 6 cos ¢

y =r sin 0 sin ¢

z =1 cosf
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