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Define notations and motivate assumptions and approximations. Present the solutions so
that they are easy to follow. Maximum number of point is 15 p. 7.0 points are required to
pass the examination. Grades 3: 7.0, 4: 9.5, 5: 12.0

1. Angular momentum

Suppose an electron is in a state described by the wavefunction

ψ =
1√
4π

(

eiφ sin(θ) + cos(θ)
)

g(r),

where ∫

∞

0

| g(r) |2 r2dr = 1,

and φ, θ are the azimuth and polar angles respectively.

(a) What are the possible results of a measurement of the z-component Lz of the
angular momentum of the electron in this state?

(b) What is the probability of obtaining each of the possible results in part (a) ?

(c) What are the expectation values of Lz and L2 ?

(3p)

2. Molecular spectra

In the rotational fine structure spectra of 1H35Cl the following spectral lines where
detected 2824,0 cm−1; 2844,6 cm−1; 2865,3 cm−1; 2906,7 cm−1; 2927,4 cm−1; 2948,0
cm−1 och 2968,7 cm−1.

a) There seems to be a line missing, explain why.

b) Using the data given calculate the distance between the atoms of the molecule.

(3p)

TURN PAGE!



3. Quantum states of Tritium and Helium

An electron is in the ground state of tritium 3H. A β-decay instantaneously changes
the atom into a helium ion 3He+. The β particle (=high energy electron) leaves the
helium ion and is no longer to be taken into consideration. The helium ion that is left
behind has one single electron bound to it.

(a) Calculate the probability that the electron (bound to helium ion) is in the 2s-state
(n = 2, l = m = 0) after the decay.

(b) Calculate the probability that the electron is in a 2p-state (n = 2, l = 1) after the
decay.

(c) Calculate the probability that the electron is in a 1s-state (n = 1, l = m = 0)
after the decay.

(d) Is it possible for the electron to receive the quantum numbers (n = 1, l = 1) after
the decay?

(3p)

4. Compton scattering

A 100-keV photon collides with an electron at rest. The photon is scattered through
θ = 75o. (Note, in the figure 1 below the angle is perhaps not 75o)

(a) What is its energy and wavelength of the photon after the collision?

(b) What is the kinetic energy in eV of the electron after the collision?

(c) What is the direction of the recoil (electron) ?

(3p)

Figure 1: Compton scattering of a photon of wavelength λ through an angle θ to a photon
of wavelength λ′.

5. Measurement of spin

A measurement of the spin component in the direction n̂ = x̂ sin(ϕ) + ŷ cos(ϕ) gives
the value +h̄/2, where x̂ and ŷ are unit vectors.

(a) Calculate the spin state corresponding to this measurement.

(b) What would the result be of a measurement in the z-direction?

(c) If one would after the measurement in b) make a new measurement in the direction
n̂ what would the probability be to get the value +h̄/2 again? Motivate !

(3p)

GOOD LUCK !


