


1 Problem 1 — Stern-Gerlach Measurement

An atom with spin s = 1/2 moves along the x axis. At time ¢ = 0 the atom experiences a momentum kick of the
form H' = Ao, ® 2 for a short time t.
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In the Stern-Gerlach experiment this is realized by a local magnetic field gradient A\ = (gup/ 2)%—3. After having

experienced a momentum Kick, the atom continues free evolution for a time 7'.

Part (a)
Assume the atom starts in the following state.
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[z, met =10)) = —F—— exp{——}(ai [4) + a4 |1) )
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(i) Write down the system Hamiltonian.
(ii) For now, assume A = 0. Find the atom’s wavefunction as a function of time 7" + ét.

Part (b)

Now find a solution for the general case A # 0. Assume the atom is heavy, or rather that Adt/m — 0. This assumption
will allow you to simplify the evolution operator in the field interaction region as follows.

il ot ¥ 10t
U(T) = exp{—z’ (EHO - EHI> } ~ exp{—%Ho} exp{—%H'} (1.2)
(i) Find the evolution operator and simplify as far as possible.

(ii) Find the full wavetunction |¢)(z,ms,T)). (Recall, exp{—iap} |¢(k)) = | (k — «)).) What is the atom’s position
(2(T)) for |)(z,ms = 3,T)), and what is the variance (Az?) = (22) — (2)%?
Part (c)

Using our results from part (b), we look now at a measurement process. If you have not found a result in (b), you
may continue with the following wavefunction.

|¥(z,ms, T)) = NZ QU exp{—(
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N is a normalization constant as follows.
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