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Q 28 Parity Operator (9 points)
Consider a particle with one degree of freedom x € IR. The operator ﬂ, that in the state
space H of the particle makes the coordinate transformation ' = Px := —z, can formally
be defined through its action in the basis system of the Eigenstate |x) of the position
operator X accordant with II|z) := |Pz) = | — z). II is referred to as the parity operator
or point reflection operator. Show that

a)
b)

c)

II-! = IIf = II; (2 points)
II can only take the Eigenvalues 7 = +1, —1; (1 point)

(u|T'|v) = 0, if |u) and |v) are Eigenvectors of IT with the same Eigenvalue 7, and T is
an odd operator defined with respect to H, i.e. an operator for which HTHT = -7
is true. ( 2 points)

Consider a particle in a 1D reflection (mirror) symmetric potential V(z) = PV (x) =
V(—x). Let H be the corresponding Hamiltonian operator. What is the given by the
commutator [H,II] ? (2 points)

In 3D the Parity operator of the position vector & acts by transforming & to —:
I|Z) = |PZ) = | — &) e.g. by application on a wavefunction Py (&) = (—).

Consider the spherical harmonic Yy, (¥, ¢), that you know as the position space
representation (in spherical coordinates) of the angular momentum functions. Are
these functions Yy, (¥, ¢) Eigenfunctions of P and if yes, with which Eigenvalue? (2

points)

Q 29 Time independent perturbed system (8 points)
Consider a particle of mass m in a 1D potential

2)

b)

0 forO<x < L
400 otherwise.

o - |
Determine the Eigenfunction ¢ (x) (normalised to unity) and the energy Eigenvalues
E of the corresponding Hamiltonian operator Hy. (2 points)

Which energy Eigenvalues of the corresponding Hamiltonian operator does one have
for a particle of mass m in the potential

—b forO<z<L
Vo(z) = { 400 otherwise,

with the real constant b >0 7 (2 points)



c¢) Consider now a particle of mass m in the potential V(x) = Vp(z) + Vi(z) with

—b forO0<zxz<a<lLl
Vi) = { 0 otherwise,

and the real constants b > 0 and 0 < a < L.

Consider Vi(x) as a perturbation of the Hamiltonian operator Hy from part a) and
calculate the correction to the groundstate energy Ej at first order in perturbation
theory. What is given in the case a = L 7 Compare this to the result of section b).

(4 points)
Q 30: Time independent perturbed system (10 points)
The Hamiltonian operator of a 2D oscillator is given by
I:I = I:IO —+ I:I1
F L (o mw? o, 2
Hy = o (p1 +p2> + 5 (951 ‘*‘%)
2,.3
H, = ’ymhw i3 with v € R
(a) Determine the solution of the Eigenvalue problem of the unperturbed Hamiltonian
Hy.
(3 points)

(b) Calculate the corrections to the energy at first and second order in perturbation
theory for the ground state of H. (7 points)

In den dreifsiger Jahren, unter dem demoralisierenden Einfluf$ der quantenmechanischen
Storungstheorie, reduzierte sich die Mathematik, die von einem theoretischen Physiker ver-
langt wurde, auf eine rudimentdre Kenntnis des lateinischen und griechischen Alphabets.
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