Non QOOA

Problem 2: A two-state system (10 points) 2

We can approximate the ammonia molecule NHj by a simple two-state system. The
three H nuclei are in a plane, and the N nucleus is at a fixed distance either above or below
the plane of the H’s. Each is approximately a stationary state with some energy Fqy. But
there is a small amplitude for transition from up to down. Thus the total Hamiltonian is
H = Hy + Hi, where

HO:<Z?)° go> and le(_OA —0A>

(a) Find the exact eigenvalues of H. (1 points)

(b) Now suppose the molecule is in an electric field that distinguishes the two states. The
new Hamiltonian is H = Hy + H; + Ha, where

_ €1 0
(5 0)

Find the new exact energy levels. (I points)

(c) Apply perturbation theory and find the energy levels to the lowest non-vanishing order
for ¢; < |A|. Compare the results to the exact answer in (b). (4 points)

(d) Apply perturbation theory and find the energy levels to the lowest non-vanishing order
for ¢; > |A|. Compare the results to the exact answer in (b). (4 points)
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