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Seat  
No. 

 
Set P 

 

B.Sc. (Semester - VI) (Old) (CGPA) Examination Oct/Nov-2019 
Physics (Special Paper - XIII) 

ATOMIC, MOLECULAR PHYSICS AND QUANTUM MECHANICS 
Day & Date: Thursday, 10-10-2019  Max. Marks: 70 
Time: 08:00 AM To 10:30 AM  
 

Instructions: 1) All questions are compulsory. 
                       2) Figures to the right indicate full marks.   
                       3) Neat diagram must be drawn wherever necessary. 
                       4) Use of log tables and calculator is allowed. 
   

Q.1  Fill in the blanks by choosing correct alternatives given below. 14 
 1) In Alkali spectra, the selection rule for j in emission transition is _____.  
 a) Δj =  0  b) ∆j = ±1  
 c) Δj =  O, ±1  d) ∆j = ±2   
      

 2) The 1s2  2s2 2p6  3s1 is the electronic configuration of _____.  

 a) Li b) Na  
 c) K d) Rb  
      

 3) If the coupling between 1* and s* is broken in an external magnetic field, 
then we observe _____. 

 

 a) Anomalous Zeeman effect b) Stark effect  
 c) Strong field Stark effect d) Paschen-Back effect  
      

 4) In strong field Stark effect the degeneracy in fine structure is lifted to 4 
levels for n = _____. 

 

 a) 1 b) 2  
 c) 3 d) 4  
      

 5) The rotational kinetic energy of a diatomic molecule for J = 2 is _____.  
 a) 0B b) 2B  
 c) 4B d) 6B  
      

 6) Raman shift occurs in _____.  
 a) Infra-red b) Ultaviolet  
 c) Visible d) Microwave  
      

 7) If e3x is eigen function and d2/dx2 is operator the eigen value of function  
is _____. 

 

 a) 9 b) 6  
 c) 3 d) 12  
      

 8) The momentum operator is given by _____.  
 a) ђ

𝑖

𝜕2

𝜕𝑥2  b) 𝑖ђ 
𝜕

𝜕𝑥
   

      

 c) ђ

𝑖

𝜕

𝜕𝑥
  d) −

ђ

𝑖

𝜕2

𝜕𝑥2   

      

 9) The separation between two successive energy levels in Harmonic 
oscillator is _____. 

 

 a) 2ђ𝑤  b) ђ𝑤   
 c) 3/2ђ𝑤  d) 1/2ђ𝑤    
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 10) Eigen value of Lz is _____.  
 a) m2ђ  b) mђ2   

 c) mh d) mђ   
      

 11) The Hamiltonian operator is given by _____.  
 a) −𝑖ђ

𝜕

𝜕𝑥
  b) 𝑖ђ

𝜕

𝜕𝑡
   

      

 c) −
ђ2

2𝑚
∇2 + V(r)  d) −

ђ2

2𝑚
∇2    

      

 12) The zero point energy of Linear Harmonic Oscillator is given by _____.  
 a) 1/2ђ𝑤  b) ђ𝑤   
 c) 0 d) 𝑚𝑐2   
      

 13) There can be only _____ electrons with same principle quantum number.  
 a) 2𝑛  b) 2𝑛2   

 c) 𝑛2  d) 𝑛  
      

 14) For a free particle the potential energy 𝑉( 𝑟 ) = _____.  
 a) +1 b) -1  
 c) ∞   d) 0  
      

Q.2 A) Answer the following questions. (Any Four) 08 
  1) Define principle quantum number and spin quantum number.  
  2) Write selection rules for Paschen-Back effect.  
  3) Draw neat labeled diagram for vibrational-rotational transitions.  
  4) Calculate De-broglie wavelength of an electron which has energy 12 

eV. (m=9.1X10-31kg) 
 

  5) Write Schrodinger’s wave equation for 1-D time independent equation.  
     

 B) Answer the following questions. (Any Two) 06 
  1) Write characteristic properties of Raman lines.  
  2) What are the requirements of wave function ψ?  
  3) Obtain Eigen values of Lz.  
     

Q.3 A) Answer the following questions. (Any Two) 08 
  1) Explain in brief spectrum of Sodium.  
  2) Write a note on electronic spectra of Diatomic molecule.  
  3) Calculate ground state energy and first excited state energy of an 

electron confined to move in 1-D box of length 1A0. 
(h = 6.626X10-34 J-s, m = 9.1X10-31kg) 

 

     

 B) Answer the following questions. (Any One) 06 
  1) Write a note on Stark effect of Hydrogen atom.  
  2) What are the intensity rules of fine structure doublet?  
     

Q.4 A) Answer the following questions. (Any Two) 10 
  1) Write a note on zero point energy.  
  2) Derive Schrodinger’s time independent wave equation in one 

dimension. 
 

  3) Calculate the rotational energy of NO corresponding to J=1 in joules 
and cm-1 assuming it as a rigid rotator.  
(14N = 14.004 amu, 16O = 15.9994amu, bond Iength = 115pm,  
C = 3 x 108 m/s, h = 6.626X10-34 J-s) 

 

     

 B) Answer the following questions. (Any One) 04 
  1) What is Paschen-Back effect? Draw principal series doublets in 

Paschen Back effect. 
 

  2) Write a short note on linear harmonic oscillator.  
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Q.5 Answer the following questions. (Any Two) 14 
 a) Solve Schrodinger’s equation for hydrogen atom and discuss the radial 

wave equation. 
 

 b) Apply Schrodinger’s wave equation to a particle in 1D rigid box to calculate 
energy eigen values, give energy levels. 

 

 c) Obtain an expression for rotational energy of a Diatomic molecule with 
rotational energy levels. 
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