Answers to the Exam Quantum Theory, 12 March 2020
each item gives 2 points for a fully correct answer, grade = total 9=24 1

1.ap p P p.,.X p i d =dp.
b) x; 1 d=x I xXd=x d=dxx I, I d=dp;p I d=dpp
pd=dp i
c) XPY PX XPp i ,s00;isnotHermitian; X2p i XY pPR2 i X
2P 2i R i X R?P i R, so0,isHermitian.
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2. a)U nm CnCmh njHj b nmCnCmEn nm p niCni’En. Since E,
Eoforalln,we have U p Eo  ,jcnj° Eo, because ,jcnj*> h j i 1.
b) .jcnj? En U ? nicnj? E2 2UE, U2 VvV 2U? U? V UZ
C) Aguming that jE, Uj jE, Uj for all n, we have V 2 Ep
Up2 nicnj? Ep U lonaking the square root gives jE, Uj Vv uU2)
vV U2 E, U V U2, which is equation (1). The ground state Eg
may be smaller than U V  UZ? if there is a higher energy level in the
range of equation (1), so this is not a lower bound on the ground state. (We
only have the upper bound E, U.)
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3. a) ae @joi N oZ Ma a¥ "joi t o "na’ " joi e ¥joi
byh j i eldi*2hoje 2j i eii*2e hoj i eli*2ii*2e | hence
jh j ij? e 1 171 %g el 7
c)n h jaYaj i N2 hjaYa? i hjaY2a? i h javaj i
2 , SO varn Nn. For Poisson statistics the average and the
variance of n should be the same, which is indeed the case.
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4. @) Insgyt aresolution of the ideptity, 1  p ,jnihnj, toargyeat dxG x;Xx;t
dx ,hxje iRHt: jnihnjxi ne 'Ent dx jhxjnij? nhe 'Ents
b) S x t° sLx t;x 0 dt’, withL x;x px H %222m V x

the Lagrangian.

c) The Fourier transform F t of E contains only paths which return to
their starting point, and in the semiclassical limit ¥ 0 only classical paths
contribute. In an x-t diagram this is a straight line from 0;0 to W;T
and then from W;T backto 0;2T ,where T W 2E=m 2



