Q.2-3 This question concerns the Sotropic three-dimensional harmonic oscillator
whose hamiltonian iz
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The energy eigenfunctions of the one-dimensional harmonic oscillator are denoted
by @, [z}, corresponding to energy sigenvalues

E.={n+1)fu b= 0,1,2,...).
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¥You may assume that the eigenfunctions for the twa lowest states of the one-
dimensional harmonic oscillator are
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T = (E-E-F;J TExXp (_E) '

where @ = (§/Mw)'?.
{i) By expressing the hamiltonian HasH, + I:iy +H., where H.. H, and H, are the
kamiltonians of che one-dimensional harmonic oscillacors in z, ¥ and z, respectively, -
show that

i!".'_m,nirrlrr zh= ¢'-:|:I} "i'-l'rnl:y] @n{:}
is an energy eigenfunction of the three-dimensional harmonic oscillator and find the
corresponding energy eigenvalue
{ii) Write down the eigenfunction for the ground state of the three-dimensional
harmonic oscillator.

{iii] Show that the ground state of the three-dimensional harmonic escillator ts
an eigenstate of the angular momentum operator
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end cbtain the corresponding eigenvalue.

(iv) Find the degeneracies of the first and second excited states of the thres-
dimensional harmonic cscillator. Specify the correzponding eigenfunctions in terms
of the one-dimensional harmonic ascillator eigenfunctions ¢

(v] Show chat

and

Wz, y.2) = ui”" (@ [z} dnly) @z} —idglz) &y [y @riz))

i an eigenstate of L. and obtain the corresponding eigenvalue.
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