Control Questions 

1) Write and solve the Newton equation for one-dimensional harmonic oscillator.
2) Suggest an expression for energy of water usable in molecular dynamics, explain the symbols.

3) What are the differences between the Monte Carlo approach and molecular dynamics? What have these two methods common?
4) What is the difference between molecular mechanics and molecular dynamics?
5) What are the restrictions of molecular dynamics in comparison with quantum mechanics? What are the advantages of MD?
6) Write and solve the Schr(dingerovu equation for a free particle in one-dimensional potential well.
7) Write the Schr(dinger equation for harmonic oscillator. What do you know about the solution?
8) Write the Slater determinant for two electrons in two orbitals (1 and (2. 

9) What is the Born-Oppenheimer approximation?

10) What is the spin of an electron?

11) Write the Schr(dinger equation for hydrogen molecule, explain the symbols.
12) What is neglected in the Hartree-Fock equations if compared to the Schr(dinger equation? 

13) What is the difficult part when solving the Hartree-Fock equations?

14) Is the full MP2 calculation faster of slower than analogous HF calculation? How the computational time depends on the number of atomic orbitals?

15) What is the configuration interaction?

16) What does the Hellmann-Feynman theorem say?

17) In molecular Hamiltonian there are only expressions dependent on electronic density and its gradient. Can we talk about the LDA method in this case?
18) What is the message of the Kohn-Hohenberg theorem?

19) What is the difference between Kohn-Sham and Hartree-Fock equations? Which are closer to the Schrodinger equation?

20)  Compare a general quality of results obtained with the HF, MP2, MP4, Becke3LYP, LDA and BPW91 methods.

21) Compare quality of these basis sets: 3-21G, 6-31G, 4-31G, 6-31G**, 6-31G*.

22) What is the definition of molecular magnetic and electric moment?

23)  What is the multipole expansion, when is it applicable? 

24)  What is the electric polarizability and how can one calculate it from the wavefunction?

25)  What is the NMR shielding tensor and how can one calculate it from the wavefunction?

26)  What forces are acting on nuclei when we put a molecule to the magnetic field? Estimate their relative magnitudes.

27) What is the cause of splitting of NMR spectral lines?

28) Write the vibrational molecular Hamiltonian within the harmonic approximation.

29)  What are the normal mode vibrational coordinates?

30) On which molecular parameter the absorption intensity in IR spectrum depends? Which vibration will be stronger, C-H stretching or C=O stretching?

31) Write the main steps when calculating the IR spectrum, for example for ethanol.

32) What are the theoretical and practical advantages of the Raman spectroscopy compared to IR spectroscopy?

33) What is the advantage of the VCD spectroscopy compared to IR?

34) What information about a molecule of known structure could you get from the VCD spectrum?

35) What are the atomic axial and polar tensors? How can they be calculated?
36) What measures the ROA spectroscopy? What are the similarities between IR and ROA?
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