Solution for the Quantum Physics 1 Exam from Jan. 23, 2003
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The non-zero contributions to the ground state:
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So AEyy = 32m262 (9 +2+/2). And for the first excited state:
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50 Ay = o8 (21 +6v/2).
3. Note The plane-wave wave-function cannot be normalized to 1 on the entire z-axis. Thus we
may normalize it to give the particle-density at every point.
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Boundary condition at z = 0:
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5. Vo — 00 = p' — oo (p/ pure real):
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6. The same mathematical manipulations as done in the lecture (or in Berestetskii, Lifshitz and
Pitaevskii’s Quantum Electrodynamics) but with p replaced by p — €A lead to
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And from the expression for P(14, kp) it is clear that P(1,1) = 0, thus if it is given that there
is one photon at B, there cannot be a single photon at A.

. The two final states at A and at B are uncorrelated coherent states
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. For ay, and a,t to be annihilation and creation operators, respectively, we require oy, ag] = 0,
[al,al,] =0 and [og, al,] = O

so P(1) = [(1]a = )
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o, o] = (wewn — VRV ) Oy = O = uj — v = 1.

There is no vacuum for oy, since a|t)) = upag|t)) — vgal i) and for bosons a' ,|v) never
cancels.



