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Seat  
No. 

 
Set P 

 

B.Sc. (Semester - VI) (New) (CBCS) Examination Oct/Nov- 2019 
Physics (Special Paper - XV) 

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 diagrams 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) If P is the momentum of the particle and k is the propagation constant of 

the wave, then the De—Broglie’s relation is ________. 
 

 a) P = ħk b) P = ħ/k  
 c) P = ħw d) P = k/ħ  
      

 2) The quantity ΨΨ∗ is called ______.  
 a) Probability current density b) reflection coefficient  
 c) transmission coefficient d) probability density  
      

 3) The separation between two successive energy levels in harmonic 
oscillator is _______. 

 

 a) ħw b) ħw/2  
 c)  3/2ħw d) 2/3ħw   
      

 4) The energy spectrum of particle in one - dimensional rigid box has the 
nature of ________. 

 

 a) infinite sequence of discrete energy levels  
 b) infinite sequence of equidistant energy levels  
 c) exponential increasing  
 d) exponential decreasing  
      

 5) The Z component of angular momentum operator is given by Lz  = ______.  

 a) iħ ∂/ ∂ϕ b) mħ  
 c) 𝑖ħ 𝜕/𝜕θ d) −iħ ∂/ ∂ϕ  
      

 6) The energy operator is given by E =  ________.  
 a) 𝑖ħ 𝜕/𝜕𝑡    b) −𝑖ħ 𝜕/𝜕𝑡  

 c) 𝑖ħ 𝜕 /𝜕𝑥 d) −𝑖ħ𝜕 /𝜕𝑥  
      

 7) In quantum mechanics raising operator is given by _______.  
 a) L+ = Lx + iLy  b) L+ = Lx − iLy   

 c) L+ = Lz + iLy  d) L+ = Lz − iLy   
      

 8) The transition from nS levels to the lowest P level give rise to the series of 
spectral lines is called ________. 

 

 a) sharp b) principal  
 c) diffuse d) fundamental  
      

 9) Most intense line in doublet corresponds to _______.  
 a) Maximum j value b) j and ℓ change in same way  
 c) Both a and b together d) zero j value  
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 10) If the coupling between ℓ∗ and 𝑠∗ is not broken in an external magnetic 
field, then we observe _________. 

 

 a) normal Zeeman effect b) anomalous Zeeman effect  
 c) Paschen-back effect d) Stark effect  
      

 11) The ratio of magnetic moment to the mechanical moment of orbital motion 
of electron is ________. 

 

 a) e/2m b) 2e/2m  

 c) e/m d) 2e/m  
      

 12) Good quantum numbers in Paschen-Back effect are __________.  
 a) n, ℓ, mℓ, ms  b) n, ℓ, j, mj  

 c) n, ℓ, j, s d) n, ℓ, mℓ, mj  
      

 13) Frank-Condon principle helps in estimating the _________.  
 a) width of bands b) intensity of bands  
 c) intermolecular distance d) band region  
      

 14) Pure rotational spectra occurs in________.  
 a) Ultraviolet region b) Infra-red region  
 c) microwave region d) visible region  
      

Q.2 A) Answer the following questions. (Any Four) 08 
  1) State Heisenberg’s uncertainty principle.  
  2) Give any two properties of Raman lines.  
  3) What is an operator?  
  4) What is Stark effect?  
  5) Find Eigen value of (sinnx) for operator d2/d2x.  
     

 B) Write Notes (Any Two) 06 
  1) Spectral notations  
  2) Raman effect., Stoke’s line and antistoke’s line  
  3) Calculate the reduced mass of CO diatomic molecule. 

[Mass of C = 1.99 × 10−26kg & Mass of O = 2.66 × 10−26kg] 

 

     

Q.3 A) Answer the following questions. (Any Two) 08 
  1) Obtain Zero point energy in case of linear harmonic oscillator from 

Heisenberg’s uncertainty principle. 

 

  2) Derive the expression for vibrational energy levels of diatomic 
molecule. 

 

  3) The Raman exciting line in an experiment is 4358 A°. A sample gives 
Stoke’s line at 4458 Ao. Deduce the wavelength of anti-Stoke’s line. 

 

     

 B) Answer the following questions. (Any One) 06 
  1) Discuss quantitative intensity rules used to calculate relative intensity 

of spectral lines in a doublet. 
 

  2) Derive Schrodinger’s time dependent wave equation in one dimension 
of a free particle. 

 

     

Q.4 A) Answer the following questions. (Any Two) 10 
  1) Show that dp/dt + ∇ j = 0, where 𝜌 is the probability density and j is 

probability current density. 
 

  2) What is the Paschen Back effect? Obtain an expression for term value.  
  3) Using the steady state Schrodinger’s wave equation, derive the energy 

eigen values for the motion of particle in one dimensional rigid box. 
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 B) Answer the following (Any One) 04 
  1) Derive the commutation relations for Lx , Ly , Lz of orbital angular 

momentum. 

 

  2) Show that  H , P  = 0.  
     

Q.5 Answer the following questions (Any Two) 14 
 a) Explain anomalous Zeeman effect and obtain an expression for term shift.  
 b) Solve Schrodinger’s equation for hydrogen atom and discuss the radial 

wave equation. 
 

 c) Calculate the ground state energy of an electron confined to move freely 
between two ends separated by 2Ao. (Given: mass of electron  

m =  9.1 × 10−31kg & Plank’s constant h = 6.626 × 10−34  J-s) 
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