Answers to the Exam Quantum Theory, 20 January 2016
each item gives 2 points for a fully correct answer, grade = total 9=24 1
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c) Kramers theorem requires that the time-reversal symmetry operator squares
to 1, here T?2 1 so it does not hold.

2. a) The operators commute for bosons and anticommute for fermions, to en-
sure that the wave function is symmetric under particle exchange for bosons
and antisymmetric for fermions.

b) use cic}’ c}’ci ij. with the plus sign for bosons and the minus sign
for fermions; hOjlcbc cYcjoi hOjc cYc ISiji 1, because c;joi 0.
C) aia}/ a}/ai ki UikUj, cke;  cfck ki UikUjy iji

P P
3.a)h j i nim CEEmh i mi niCnj?, becgsise h nj mi  nm.
Bh jH Eoj i nm CnCmh njH Eoj mi nmCnCm Em Eo h nj mi
nanj2 En Eo 0
c) Calculate E a 1 a X H 4 x dx, and solve dE a =da 0 to find
the minimal value E,, of E a as a function of a > 0. This is the optimal
upper bound of the ground state energy Eo.

4. @) Insgyt aresolution of the ideptity, 11 IRDnjnihnj, to arnye at_R dx G x;Xx;t
dx ,hxje 'RHt= jnihnjxi he Bt dx jhxjnij? ne IEnts
b)S x t° sLX B ix t dt’, withl x;X px H Xx2=2m V X
the Lagrangian.
c) The Fourier transform F t of E contains only closed paths, and in the
semiclassical limit ¥ O only classical paths contribute.



