CHEMISTRY 531 EXAM | SOLUTIONS

1. Consider a particle of mass m in a two-dimensional box of

dimensionsL,=L, =L

a) Givethe normalized wavefunctionsin Cartesian
coor dinates, the ener gy eigenvalues, and the degener acy

of thefirst four energy levels.
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(1,1) g=1; (1,2=(21),9=2; (2,2),9=1,; (3,1)=(3,1) g=2.
b) Givethe Hamiltonian in plane polar coordinates.
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2. Consider a harmonic oscillator subjected to an external

perturbation of theform | x.

a) Givethegeneral expressionsfor thefirst and second
order perturbation theory expressionsfor correctionsto

the energy eigenvalues.

b) Giveexplicit expressionsfor these correctionsusing the

following
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wherethe{f} arethe eigenfunctions of the harmonic
oscillator Hamiltonian,n =0, 1, 2,...

ES =0 because x,,, = 0.
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3. TheHamiltonian for thelinear rigid rotator is

2
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a) What arethe eigenfunctionsof H?

Uym(aL.f )

b) What arethe eigenvalues of H?
n°e(0+1)/21 =E,
c) Show that these have units of energy.
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d) What isthe degeneracy of the energy eigenvalue?
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4. Re-consider the full Hamiltonian given in problem 2. Set up
the variational approach using an expansion of the wave
function in terms of the basis{f,}. Consider just two termsin
thisexpansion n =0 and 1. Show that the Schrddinger
equation becomes a 2x2 matrix equation. Give an explicit
expression for the H-matrix. Diagonalizeit and get thetwo
eigenvalues. Compar e those with the onesyou get in second

order from problem 2.
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Eigenvalues obtained from secular equation
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So, we are not getting an accurate excited state result, but we are

getting an accurate ground state result.



