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(a) Show that the energy levels are given by
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(b) What is the degeneracy of each level? U/ K _Z_L >
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6. * Consider the Hamiltonian of a two-dimensional anisotropic harmonic oscillator (w; # ws)

(a) Exploit the fact that the Schrodinger eigenvalue equation can be solved by separating

the variables anc
—_
eigenvalues.
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(b) Assume that
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about the degen

rational number.

L — —: .Find the first two degenerate energy levels. What can one say
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1 find a complete set of eigenfunctions of H and the corresponding

eracy of energy levels when the ratio between w; and w, is not a
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7. A particle of mass m is confined to move in the potential (mw?z?) /2. Its normalized wave

function is ik
Y(x) = = e z2e~(82°12)
V3 T

where (3 is a constant of appropriate dimension.
(a) Obtain a dimensional expression for 5 in terms of m,w and h.

(b) It can be shown that the above wave function is the linear combination
Y(z) = ayo(z) + bo(x)

where 1y(z) is the normalized ground state wave function and v»(z) is the normalized
second excited state wave function of the potential. §Evaluate b and hence calculate the

expectation value of the energy of the particle in this state ¢(z).
Given: Iy(8) = [TX e P dx = \/Ej L(B) = [*2 (e e P dz = (-1)" 2= (L(B)) ,

to(x) = (&)
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9. * A charged particle of mass > m ’ and charge ’ ¢ ’ is bound in a 1-dimensional simple

harmonic oscillator potential of angular frequency ’ w ’. An electric field Ej is turned on.
(a) What is the total potential V(x) experienced by the charge ?

(b) Express the total potential i the form of an effective harmonic oscillator potential.
(c) Sketch V (z) versus z.
(
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d) What is the ground state energy of the particle in this potential?

e) What is the expectation value of the position (z) if the charge is in its ground state ?
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