Answers to the Exam Quantum Theory, 4 March 2025
each item gives 2 points for a fully correct answer, grade = total 9=24 1

1. (@) Yes, it still holds thath jH t °% hH t j Ci, the time dependence

of the potential has no e [eck on the Hermitian conjugate.

(b) Ht ;H®t ﬁdd—xzz,%m !2t2 !Ztl x? 0,

because d?=dx?;x? 2 2xd=dx O.

(c)dE=dt h jdH=dtj i h jHji H i1 hi H jHj i
h jdH=dtj i m?¥ d¥=dt h jx?j i:

2. (@) c;cY acosh bYsinh ;aYcosh bsinh cosh® sinh® 1,
similarly d;dY 1. The other commutators vanish, in particular, c;d
a;a¥y bY;b cosh sinh 0.

(b) Substituting the expressions for ¢ and d gives cYc ddY cosh?
sinh? a¥a bbY 2cosh sinh a¥bY ab ; notethatcosh®  sinh?

cosh2 and 2cosh sinh sinh 2 cosh2 ,sothat cosh2 ! cYc
dd¥ aYa bbY a¥byY ab .

(c) The operators cYc and dd¥Y dYd 1 have eigenvalues 0;1;2;::: and
1;2;3;:::, respecher, so the spectrum of H consists of integer multiples

of cosh2 1 1 2,

P P
3.ah i nm CEEmN nj ml njcni?, becgsise h nj mi nm-
Bh jJH Eoj i nm CnCmh njH Eoj mi nmCnCm Em Eo h nj mi
nanjZ En Eq (%.1
c) Calculate E a 1 a X H a4 x dx, and solve dE a =da 0 to find
the minimal value E.j, of E a as a function of a > 0. This is the optimal
upper bound of the ground state energy Eo.

4. a) dr=dt i= H;r 1=m p gA
b)exp iq = p gA %exp iq = expig = p gA exp 1Iq =
p gA qr ? p gA’?
c) H is related to H by a unitary transformation, so it represents the same
system described in a di Cerent basis.
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