Exam Kwantumfysica 2
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- Write your name and student number on every separate sheet of paper

- You are not allowed to use the book or slides, nor other notes or books

- The weights of the exercises are given below

- Answers may be given in Dutch

- Illegible handwriting will be graded as incorrect

- Good luck!
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Exercise 1

(a) Explain what is the purpose or use of the addition of angular momentum and give the
definition of a “good” quantum number.

(b) Use the table below to write down the Clebsch-Gordan decomposition of the state

|71, Jos 7, m
convention (1, jo; 1,7

— j1l4,7) > 0.

Table 1: Clebsch-Gordan coefficients (j1, 1; my, ma|jm)

m) = |2,1; 1 ,0) in terms of the product states |ji, j2;m1, m2) and verify the

j mo = 1 Mo = 0 Mo = —1
ji+1 [(j1+m)(j1+m-|—1)] 3 [(J’l—m+1)(j1+m+1)] 2 [ (j1—m) (1 —m+1) | 3
1 (271+1)(251+2) (251+1)(51+1) | (21+1)(251+2) |
~ [<yl+m)<n—m+1)] m [(r=m)(rm+1)|

J1 2j1(j1+1) [i1(j1+1)]2 271(j1+1)
1 1 ~ -
j—1 [ol—m)(n—mﬂ)} L [<j1—m>(j1+m)] P [Gum)imiy)]?
1 271 (251+1) J1(241+1) 271(251+1)

(c) In case of a constant, uniform external electric field one has to calculate the matrix el-
ements (nlm|z|n'l'm’). Show that rotational invariance implies that for Am = m/—m # 0
these matrix elements vanish. Show that the behavior under parity transformations de-
mands that for even [+’ these matrix elements vanish. Write down which matrix elements

are nonzero for n = 2,n' = 1.

(d) Explain why j is not a good quantum number in case of a constant, uniform external
magnetic field and discuss what is the consequence for the time dependence of a state
that has a given j at ¢ = 07

Exercise 2

(a) Construct the solutions of the Schrédinger equation for the infinite square well poten-

tial,
0 —a<z<a
00 elsewhere

=]

and give the allowed energies.

ezercise 2 continued on the next page




Next consider the case V' (x) 4+ Vo|z| for constant V; (see figure).

A M
Voﬂ .......... 4
~a a x

(b) Calculate in first order perturbation theory the correction to the ground state energy
due to the addition of the potential Vj|z| to V(z). Give the condition(s) for which this
perturbative result is valid.

(c) Obtain an upper bound to the ground state energy for the potential V(z)+Vp|z| using
the following normalized trial function,

() = 4 o5 a” — ),

and show that it is larger than the perturbative result. Argue whether this is expected
or not.

(d) Give an example of a trial function that would give an upper bound on the first excited
state for V{(z) 4+ Vo|z|.

(e) Obtain the first two leading terms in Vpa/E for the allowed energies using the WKB
method, assuming the ground state energy Fgs to be larger than Vya.
Recall that (1 — 2)%2 =1 — 32/2 + 322/8 - ...




Exercise 3

Consider the Hamiltonian H = Hy+ H', where the states 1&7(10) form an orthonormal set of
eigenstates of Hy with energies ET(LO), ie. Hy 'qbr(zo) = B ¢7(10)‘ H' is a perturbation acting
from time ¢y = 0.

(a) Show that with the following expansion on the states N

P(t) =Y calt) 90 e PN,

the coefficients satisfy

b = i NUH et ei(E’(’?)"E’(LO))t/h,

where H,, = (% [H'|4).

(b) Consider the particular case of a two-level system consisting of states a and b, with
H' = 0(t)V, where V is an 7-independent, ¢-independent potential. What is the proba-
bility that the system is in state b for ¢ > 0 if for £ < 0 it is in state a?

(c) Derive the same probability in first-order time-dependent perturbation theory for an
r-dependent, t-independent potential V.

(d) Show for the two cases in (b) and (c¢) whether the average energy is conserved or not.




