for short and economic answers. In many cases, a single sentence w
ons. When discussing experimental setups, please also provide lab

!"Y,IF\ §. i l f o
chﬂhe the prmciple of nuclear magnetlc resonance
surements (NMR) in stationary and in pulsed setups.
~ Why is it necessary to generate extremely strong magnetic
' fields?
b) (2p) The picture to the right shows NMR measurements on
y hexaborane, one on H atoms, one on B atoms. Which belongs
to which? How do you know, given the molecular structure
shown in the lower graphlcs"
<) (3]3) Which types on spin relaxation can be distinguished in
d measurements?
d) i(.‘_..’p) What can be derived from the relaxation times, and how
is this information used e.g. in medical applications of NMR?

N a) @p) Bneﬂy describe the principle and the setup of the
atomic beam magnetic resonance experiment of Rabi.
Provide a labelled sketch of the apparatus.

b) (1p) Why is it necessary to apply an inhomogeneous
Wﬁcid in the first and the third section?

e} (1p) Why is a homogeneous magnetic field applied in the
‘middle section?

~ d) (1p) Look at the figure to the right. What are the quantum

- numbers I, J and F denoting?

€) (lp) How do we call the regime in which F is still a good

) (1p) Which of the upper mr levels is particularly well
ed for this t and why?

/s through the field? (up = 9.27 - 1072*J/T)
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40 MHz.

p) How large should the field gradient of a 20 cm long magnetic field be to achieve a deflection
im atoms (m = 23 u) in their ?Si;; state by 3° in a Rabi-type

apparatus if the atoms fly wi&z- e




) (Ip) How is the finesse related to the reflectivity? How is the resolution of a Fabry-Perot

———

is the phase difference between two adjacent rays of light when T
| glass plate of refraction index » under an angle a ? Draw a ray diagram and

ies of reflected and transmitted rays in the case of a 4% reflectivity. Explain the occu
interference in this case. On which side of the plate can this interference be observed

b) (1p) Which effect, occurring only for the directly reflected beam, guarantees that the transmitted and

the reflected interference patterns are opposite at all times?
interferometer related to its finesse?

4) : S SC

a) (4p) Describe the basic principle of photo electron spectroscopy (PES) o, i
and distinguish between the techniques UPS, XPS and ESCA. AT

b) (2p) How does ZEKE (Zero Kinetic Energy) -PES work? What is its i i
advantage compared to normal PES? N

¢) (2p) Look at the MO diagram of molecular oxygen to the right. Explain .
the nomenclature of the total electron wavefunction in the lower left _H_/"_H_ —l
corner of the image. What is the electronic ground state of the O;" T e 4t~ _ﬁ_
molecule ion, i.e. after removal of one HOMO electron?

d) (2p) In a ZEKE setup we assume radial symmetry and a detection zone e
with a radius of r = 2 mm. How large is the maximum Kinetic energy of _@_ o _ﬁ_
the electrons which will still be detected in a measurement delayed by 7 = ;- |

g

1 ms?

5) From Molecular Motion to Climate Change

a)

b)

<)
d)

e)

(2p) A certain diatomic molecule absorbs energy by rotating. The first excited rotational state is at an
energy of 0.25 eV above the ground state. What is the energy of the third excited rotational state
above the ground state?

(2p) Which four types of rigid rotors can we distinguish, and what can you say about the
degeneracies of their rotational states?

(2p) The atoms of carbon dioxide (CO: see picture below) are arranged in a line. How many
vibrational degrees of freedom does this molecule have? Two of them are degenerate. Which one?
(2p) Use the information from the picture to calculate, in the absence of O0=C =0
vibrations, the rotational constant B of this molecule (mc = 12 u, mo = 16 u) and e
116.3 pm

convert it into units of inverse centimeters. .
(2p) The degenerate vibrations of CO: lie at 667 em”'. Convert this into a wavelength. What does

your finding have to do with climate change? Why is this vibrational mode so different from
vibrations of e. g. N2 or Oz, the main components of air?

Universal Constants

¢ = 2.998 x 10% m/s

Speed of light

Planck’s constant h = 6.626x 1073 Js
Electron charge e=1602x10""°C
Electron mass m, = 9.109 x 10~ *kg

Atomic mass unit u = 1.660 X 107%"kg




