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Please use the provided paper sheets to write down the solutions of the problems. Write your name 

and student ID number on a first page and enumerate all subsequent pages. Do not forget to hand in 

your paperwork after the examination. 

 

 

Problem 1. 

In first approximation, acetylene C2H2 can be considered as a molecule of linear structure with a 

rotational constant            . 

a) How many vibrational degrees of freedom does this molecule have? 

b) What rotational level of C2H2 does have the larger population at room temperature: the level 

with the rotational number     or that with     ? 

c) A researcher is going to measure the ratio between concentrations of isotopic molecules 

C2H2 and C2HD. He estimated the distance between the spectral lines of these species at 

wavenumber around 3400 cm-1 to be of order 0.2 cm-1. Can these lines be distinguished at 

room temperature? Molecular weights of C2H2 and C2HD are 26 and 27 g/mole, respectively. 

 

Problem 2. 

Concentrations of OH molecules in air are measured by using the tunable diode laser absorption 

(TDLA) method. Measurements are performed at room temperature (         and atmospheric 

pressure (                     ) in vicinity of the P(5.5) spectral line with the wavenumber 

 ̃                and intensity                  

             . 

a) The wavenumber of the P(6.5) line is 3324.577 cm-1. Find the rotational constant of the OH 
molecule. 

b) What ratio between initial and transmitted signal is expected in cell of length     with 100 
ppm OH in air when the laser is tuned to the center of the P(5.5) line? The spectral line 
profile can be considered to be Lorentzian with the width   ̃           . 

c) Does the width of the spectral line profile decrease or increase if the temperature increases? 
 

Problem 3. 

A researcher is going to build an optical setup for measuring sizes and concentrations of non-

absorbing spherical particles. It is expected that the particles are monodisperse with diameters 

smaller than 50 nm. 



a) The researcher has two lasers for using in his setup with wavelengths 0.75 μm and 0.5 μm 
and powers 5W and 100 mW, respectively. What laser will provide a larger scattered signal? 

b) The researcher decided to determine the particle number density by measuring the 
extinction coefficient. Sketch the experimental setup for the extinction measurements and 
explain how to derive the number density from the extinction measurements if the particle 
diameter dp and refraction index m of the particle’s substance are known. 

c) The number density of particles is 1014 m-3. What is the diameter of the particle if the 
volume fraction of the particles is 1 ppb? 

 

Problem 4. 

a) Which "masses", i.e. ion beam signals at a certain m/e number, can we expect to find in a 
mass spectrum of pure CO2 and what ions are they derived from? 

b) Measuring CO2, cryogenically extracted from air, which isotopomers are collected at 
m/e=46? 

c) Why is it physically possible to separate HD from 3He by magnetic mass spectrometry, as 
both have the same mass of 3 atomic mass units?  






















