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M.Sc. 2nd Semester Examination, 2022 

PHYSICS 

(Quantum Mechanics-II and Classical Electrodynamics-II) 

Paper: PHYS 202C 

Course ID: 22452 

Time:  2 Hours        Full Marks:  40 

The figures in the right hand side margin indicate full marks. 

Candidates are required to give their answers in their own words 

as far as practicable. 

 
Unit-I 

1. Answer any three questions:                                                                            2 × 3 = 6 

(a) Why does spin angular momentum commute with all the differential operators? 

(b) What is the difference between scattering cross sections in classical and in quantum me-

chanics? 

(c) Discuss the necessity of using a time independent perturbation theory. 

(d) What is Stark effect? Calculate the Stark shift/splitting for ground state of hydrogen at-

om?  

(e) Under what condition, the operator 𝑒𝑖𝐴 is unitary. 

 

2.  Answer any two questions:                                                                           4 × 2 = 8 

(a) Show that the degeneracy is partly removed in the first excited state of a hydrogen atom 

due to Stark effect.                                                                                                          [4] 

(b) Prove the identity (𝜎. 𝐴)(𝜎. �⃗⃗�) = 𝐴. �⃗⃗� + 𝑖𝜎. (𝐴 × �⃗⃗�), where 𝜎 is the Pauli matrices. 

(c) In case of a linear Harmonic oscillator, calculate the change of energy due to the quartic 

perturbing potential  𝐻′ = 𝜆𝑥4.                                                                                      [4] 

(d) What are sudden approximation and adiabatic approximation? Under what conditions 

these approximations are used?                                                                                   [3+1] 

 

 

3.  Answer any one question:                                                                                 6 × 1 = 6 

(a) A particle of spin 
1

2
  is in a 𝑑 state of orbital angular momentum (i.e., 𝑙 =  2). Work out the 

coupling of the spin and orbital angular momenta of this particle, and find all the states and 

the corresponding Clebsch–Gordan coefficients. 
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(b) What you mean by geometrical and dynamical symmetries? Discuss the space displacement 

symmetry and hence establish that the momentum is conserved.                                    [2+4] 

 

Unit-II 

4. Answer any three questions:                                                                       2 × 3 = 6 

(a) What is the Significance of Hartmann number in MHD? 

(b) Discuss instabilities in Pinched Plasma. 

(c) Show that TE0,0 mode can’t be seen for rectangular waveguide. 

(d) What are Van Allen radiation belts? 

(e) What is dispersion? Discuss normal- and anomalous dispersion. 

 

5. Answer any two questions:                                                4 × 2 = 8 

(a) If jf is the number of electrons per molecule with frequency j and damping constant j , 

Show that the dielectric function can be expressed as: 
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 , where 

N is the number density and other symbols have their usual meanings.  Hence show that for a 

simple oscillator at resonance, the electric-susceptibility function is purely imaginary carrying 

some significance. What is the significance?                                                                          [3+1]
 

(b) Show that in nonmagnetic media group velocity and phase velocity can be expressed as, 

rg cV  and rp cV /  respectively.                                                                       [2+2] 

(c) Solve the wave equation for TM wave in a rectangular wave guide and discuss the 

cut-off frequency.                                                                                                    [3+1] 

(d) Using the orbit theory for motion of a charged particle in a uniform static magnetic field, 

show that the plasma is diamagnetic.                                                                              [4] 

 
 

6. Answer any one question:                                                            6 × 1 = 6 

(a) What are Alfvén waves? Derive equation for Alfvén waves.                                           [1+5] 

 

(b) Derive the dispersion relation for the extraordinary wave in plasma for propagation of 

an electromagnetic wave perpendicular to the direction of applied magnetic field. 

Hence find the cut-off and resonance frequencies and represent them on the dispersion 

diagram.                                                                                                               [4+1+1] 

 

 

                                                        ___________ 


