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Lecture #11
Degenerate perturbation theory
Problem 1

Consider the three-dimensional infinite cubical well
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Question for the class:
What are the energies of ground and first excited states?
Are these states degenerate? If so, what are the degeneracies?

The ground state is nondegenerate: Ny = Y\7 = Ny =4 a4y
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Next three states all share the same energy (triply degenerate):
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We now introduce perturbation
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Question for the class:
What is first-order correction to the ground state energy?
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Our next mission is to calculate the first-order correction to the energy of the
first excited state. Here, the states are degenerate and we need to use degenerate
perturbation theory, i.e. we need to calculate all elements of the 3 x 3 matrix
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Class exercise: calculate all elements of the matrix
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The initial energy level Ef
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"Good" unperturbed states are linear combination of the form
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where the coefficients d, J%, ¥ arethe eigenvectors of W.
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will split into three due to the perturbation:
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Exercise for the class: find the eigenvectors and write out three resulting
states v, .
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If we apply nondegenerate perturbation theory to these three states, we will get
correct results. We will not get correct results if we apply nondegerate perturbation
theory to original unperturbed states s, Yy, and ..
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