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In this cume, you can show how you understand principles of quantum and statistical mechanics. 
 
 
1. a) Why do we use linear Hermitian operators in quantum mechanics? Explain some of their  
        properties.  
 
    b) Can we prepare a quantum particle in a state of well defined coordinate and momentum?  
         Why? How?  
 
    c) What are the origins of correlations in systems of N electrons (atom or molecule). 
 
    d) How would you describe the exact and an approximate ground state in the H2 molecule? 
 
    e) Explain the concept of pure and mixed states in quantum mechanics. 
 
   
2. a) Try to explain how one can understand the process of thermalization in a subsystem of  
        a larger system that is initially in a pure quantum state.  
 
    b)  What is a microstate (illustrate on a system of classical and quantum identical particles)? 
 
    c) How can equilibrium (thermalized) systems of identical particles be described?  
       (consider open and closed systems) 
 
    d) What is a partition function? How would you calculate thermodynamic properties  
        of molecules in a gas phase using quantum mechanics? 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                                                (motivation) 



 
Possibly useful formulas:    
 
e = 1.602 x 10-19 C,   h = 6.626x10-34 Js,   ε0 = 8.854x10-12 J-1C2m-1,   c = 2.998x108 ms-1, 
me = 9.109 x 10-31 kg, ,  kB=1.38x10-23J K-1. 
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