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Problem 3: Artificial Atoms (10 points) °

Modern techniques in nanotechnology research can create artificial atoms, man-made
structures that confine electrons like real atoms but with properties that can be engincered.
In this problem, consider a 2D atom (electrons tightly bound in the z-direction) with a
parabolic potential in the x- and y-directions. The Hamiltonian is:
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Note: In solving this problem, you might want to use the standard operators:

o = L E_H-i o = 3{4_15& (2)
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and their Hermitian conjugates, where A = 1!&;—;.
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( d) “What are the eigenenergies of this atom? What are the degeneracies of these energy
" levels? If the separation between adjacent levels is 20 meV (0.02 eV), approximately ©
how large are the low-energy clectron states in the atom (the radius)? (2 pts)

?{If the atom is put in a constant electric ficld, the Hamiltonian Iy is perturbed by a
potential:

Hy = —eFE2 (3)

where 5, is a constant (the electric field). Prove that to first order in the field, the

energy levels of the atom do not change. (2 pts)

Next the atom is placed in a more complex field to study its properties. The new potential
is:
Cy
To first order in Cp, what are the new eigenenergies of what were the first three encrgy
levels of Hy? Show your work. {4 pts)
d/) If a different perturbing potential:
Cy . \
Hy = A—_j;cz (5)

is applied (rather than H,), how would your answers to part {c} change? No compu-
tations should be necessary to answer this guestion. (2 pts)
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