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Q1 (i) The radial part of the Schrodinger equation for one electron atom can be expressed as; ݑா,௟(ߩ) =  ݁ି

ഐ
మ  ,(ߩ)݃ ௟ାଵߩ 

where symbols have their usual meanings.  The function ݃(ߩ) can be expressed in terms of confluent hypergeometric 
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and this will lead to quantization of energy.  Find out the energy.       (14) 
     (ii)  Find out 〈 ଵ

௥మ
〉ଵ,଴,଴ for the one electron atom.        (6) 

 
Q2 (i)  The matrix element ܯ෩௔௕ for the stimulated emission for the transition ܾ → ܽ is given as;  
= ෩௔௕ܯ ർ߰௔ቚ݁ି௜௞

ሬ⃗ .௥⃗ ߝ.ෝ  ∇ቚ߰௕඀.  Find the relation ܯ෩௔௕ with the matrix element for the absorption process ܽ → ܾ. (8) 

     (ii)  Starting from ܯ௕௔
஽ = ⟨߰௕| ߝ.ෝ  ∇|߰௔⟩ in Dipole approximation for the linearly polarized light, find out the term 
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    (iii) While solving ݎ௕௔ሬሬሬሬሬ⃗  for the spontaneous emission for the 2݌ →  transition in the Dipole approximation, we ݏ1 

encounter integral; ∫ ଵܻ௠
∗ (߶,ߠ) cos ߠ  ଴ܻ଴(ߠ,߶) ݀Ω .  Solve this integral.      (8) 

 
Q3.  (i) Find out the energy shift in ߰ଶଵ଴ hydrogenic orbital due to the Hamiltonian ܪ =  గℏమ
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        (ii)  Find out the hyperfine levels of deuterium atom for n=2 level.  The spin of the nucleus of the deuterium is 1. 
              (8) 
        (iii) Draw the allowed dipole transitions in the hyperfine levels of deuterium for n=2 level.    (8) 
 
Q4 (i)  Let S1 and S2 are the two spin operators of the two electrons and S= S1+S2 is the total spin of the electrons.  
Similarly, Sz= (Sz)1 + (Sz)2.  Solve following Eigen value problem; ܵଶ ߯  ܽ݊݀ ;  ܵ௭  ߯  , where ߯  is singlet state of the 
two electrons atom.            (8) 
(ii) Explain why in the central field approximation the degeneracy of energy with respect to l is broken for the genuinely 
excited state of the two electrons atom.          (5) 
(iii) The ground state energy of some two electrons atom (ion) is found to be -21.88 atomic unit in the first order 
perturbation theory.  Find out Z and the energy of the 23P excited state in the zero-order approximation.  (7) 
---------------------------------------------------------------------------------------------------------------------------------------------- 
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Useful relations: ܵ௫ ߙ  =  ℏ
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(ߩ)଴ܮ = (ߩ)ଵܮ,1  = (1 − (ߩ)௤ାଵܮ  ,and ,(ߩ  + ߩ)  − 1 − (ߩ)௤ܮ(ݍ2 + (ߩ)௤ିଵܮଶݍ = 0. 
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