
Experimental Physics 4 (Atoms and Molecules) Summer Term 2022

Do not forget to indicate your name and/or matriculation number!

Trial tasks

1. Can the x- and y-components of the angular momentum be measured
simultaneously? Prove your answer. (1p)

2. Consider two transitions from the excited 21P1 and 23S1 to the ground
state in He atom. Which of these excited states will have longer lifetime
and why? (1p)

3. Find the ionisation potential for He+ in units of the ionisation potential
Vh for hydrogen atom. (1p)

4. What is the ground state for the silicon atom (the atomic number 14)?
Provide the term symbols with explanations. (1p)

5. According to the selection rules, all transitions have to fulfill the following
requirement: ∆J = 0,±1. Are the transitions between two states with
J = 0 allowed or forbidden? Why? (1p)

6. In one of your homework you have proven that for a quantum harmonic
oscillator only transitions between two adjacent energy levels are pos-
sible, i.e. the selection rule required ∆υ = ±1 (here υ is the quan-
tum number). Vibrational spectra of real molecules exhibit transitions
∆υ = ±1,±2,±3, ... What is the reason for breaking the aforementioned
selection rule? (1p)

7. Atomic energy levels resulting by considering electrostatic and spin-orbit
interactions only are given by En,l,s = ECoulomb(n)+(a/h̄2)(s⃗·L⃗), where a
is the spin-orbit constant. Find the energy separation between the energy
levels of the hydrogen atom in the state with n = 2 and l = 1. (2p)

8. What is the intensity ratio for the transitions 3p3/2 → 3s1/2 and 3p1/2 →
3s1/2? (2p)

9. Onto how many energy levels will split the term 2D5/2 in a weak magnetic
field and what is the energy separation between the levels? (2p)

10. The radial part of the wave function for an electron in the hydrogen atom
in its ground state is ψ = A exp{−r/a}, where a is the radius of the first
Bohr’s orbit and A is some undefined constant. At which distance from
the proton is the probability to find electron is maximal? (2p)

11. Two angular momenta L⃗1 and L⃗2 are added and result in the total momen-
tum L⃗. Find whether the operator L̂2 commutes with the two following
operators L̂2

1 and L̂2z. (2p)

12. Determine the quantum state (set of 4 quantum numbers) of a hydrogen
atom described by the electron wave function ψ(r) = z exp{−α(x2 + y2 +
z2)}. (3p)

Total number of points: 18 points

Lecturer: R. Valiullin


