Assignments of Atomic and Molecular Physics

1. Calculate the expectation values  <r > and  <1/r >for the two states 1s and 2s in the hydrogen 
    atom.

2. Which spectral lines in the emission spectrum of hydrogen atoms can be observed if the atoms are
     excited by electrons with kinetic energy Ekin =13.3 eV?

3. By what factor does the radius of the Bohr orbit increases if the H atom in its ground state is excited  by (a)  12.09 eV and (b) 13.387 eV?

4. Show that within the Bohr model the ratio μl/l of orbital magnetic moment and angular 
      momentum is independent on the principal quantum number n.

5. By how much does the mass of the hydrogen atom differ in the state with n = 2 from that in the 
   state    n = 1 (a)  because of the relativistic increase of the electron mass and (b) because of the  
    higher   potential energy? Assume circular motion of the electron.

6. In the classical model, the electron is described as a rigid sphere with radius r, mass m, charge −e   
    and uniform  charge distribution. (a) What is the velocity of a point on the equator of this sphere 
    when the angular      momentum is 1/2√3h?(b) What would the rotational energy of this sphere be?   
    Compare the result with the     mass energy mec2. Use both numerical values re =1.4 × 10−15 m 
    (obtained from the classical model of the    electron) and re = 10−18 m (obtained from scattering 
    experiments).

7. Assume you want to measure the Zeeman splitting of the Balmer α-line on the transition 22S1/2 → 32P1/2 in a magnetic field of B = 1T.

(a) What should the minimum spectral resolution of a grating spectrograph be in order to resolve all 
      components? What is the minimum number of grooves that must be illuminated if you observe in 
     the second  diffraction order? (b) What is the minimum magnetic field B needed to resolve the 
     Zeeman components with     a  Fabry–Perot interferometer (plate separation d = 1 cm, reflectivity 
     of each plate R = 95%)?

8. How large is the internal magnetic field produced by the 1s electron in the H atom at the location of 
     the proton  that causes the splitting of the two hyperfine components observed in the transition 
     with λ = 21 cm between the two components?

9. Compare the frequencies of the absorption lines 1S → 2P for the three isotopes 1H, 2D, and
      3T of the hydrogen atom (a) by taking into account the different reduced masses and (b) by      
     calculating the hyperfine shifts and splitting with the nuclear spin quantum numbers I (H) = 1/2,
     I (D) = 1 and I (T) =   3/2 and the nuclear magnetic moments μN(H) = 2.79 μ K, μN(D) =0.857μK;   
       μN(T) = 2.98μK.
10.  State the Pauli’s principal  and hence show that the helium atom in its 
               ground state can exists in singlet state.
11. (a): Construct the exchange symmetric wave functions of the He atom in 
                  the ground state.
             (b): Use the quantum mechanical consideration explain the concept of the 
                   Electronic spin of the He atom.
12. a): Describe and explain the different types of coupling in atoms.
            (b): Find out the spectral terms for two equivalent p electrons.
13.:  Prove that in θ- equation λ = l (l+1).                                                       
       (II): Discuss the spin-orbit interaction and fine structure of the hydrogen  
               lines in the atom.                                                                                     
      (III): Write the wave function for the ground sate of the hydrogen atom and calculate the 
              probability density function for the electron relative to the nucleolus

14. (I): Use the quantum mechanics consideration discusses the ground state of the He atom.
        (II): Construct the exchange symmetric wave functions (including spin) of the He atom in 
                the ground state.                                                                                    
        (II): If the inter electronic repulsion in helium atom is ignored, what would be its ground 
               state energy.                                                                                                                          
  
15 (I): “LS coupling scheme is generally applicable for light atoms”. Explain this statement 
                  with examples.                                                                                    
         (II):  Find out the spectral terms for two equivalent d electrons.                
         (III) : Find S,L and r (multiplicity) and J values that correspond to each of the following 
                 States;
                                                       1S0, 3P2, 2D3/2, 5F5, 6H5/2.                               
                                                                                                                                                                                                                                                                                                                                                                                              
16: Write short notes any two of the followings:                                      
            (I)  ESR Spectrometer.                                                                  [CO4] [7.5M]        
            (II)  Paschen-Back effect.                                                             [CO3] [7.5 M]
            (III) Stern-Gerlach experiment.                                                     [CO1] [7.5 M]
                        





