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ÍÛæ̃ Û¶ÛÛ : (1) ¼ÛµÛÛ ¸ÛóÊ¶ÛÛé¶ÛÛ •Ûä̈ Û ÍÛ¾ÛÛ¶Û ™öé.  
  (2) ÍÛ×ßÛÛ…Ûé¶ÛÛ …¬ÛÙ ¸Ûó̃ ÛÜÅÛ©Û ™öé.  
 
1. (a) ½Ûó¾Û¨ÛàýÛ ÈÛ¨ÛÙ̧ Û¤ø¶Ûà ýÛÛé•ýÛ ŠþùÛÐüÁõ¨Û ÍÛÛ¬Ûé ¾Ûä”ýÛ ÅÛÛ“ÛÜ¨Ûïõ©ÛÛ…Ûé ÍÛ¾Û›ÛÈÛÛé. 5 

     …¬ÛÈÛÛ 
  þùÛéÅÛ¶ÛàýÛ-½Ûó¾Û¨ÛàýÛ ÈÛ¨ÛÙ̧ Û¤ø¶Ûà ýÛÛé•ýÛ ŠþùÛÐüÁõ¨Û ÍÛÛ¬Ûé ¾Ûä”ýÛ ÅÛÛ“ÛÜ¨Ûïõ©ÛÛ…Ûé ÍÛ¾Û›ÛÈÛÛé.  

 (b) ÉÛä±ù ½Ûó¾Û¨ÛàýÛ ÉÛÛéÌÛ¨Û ÈÛ¨ÛÙ̧ Û¤ø¶ÛÛ …½ýÛÛÍÛ ¾ÛÛ¤éø ¸ÛóÛýÛÛéÜ•Ûïõ •ÛÛé¥øÈÛ¨Ûà¶Ûä× ÈÛ¨ÛÙ¶Û ïõÁõÛé. 6 

…¬ÛÈÛÛ  
  …é¶ÛÐüÛ¾ÛÛëÜ¶Ûïõ þùÛéÅÛïõ¶ÛÛ ¸ÛÛÁõÁõî©Û ÈÛ¨ÛÙ̧ Û¤ø ÈÛ¦éø þùÛéÅÛ¶Û …˜ÛÇÛ×ïõÛé ïéõÈÛà Áõà©Ûé ¾ÛéÇÈÛà ÉÛïõÛýÛ ©Ûé 

›÷ÄõÁõà ÍÛæªÛÛé ÍÛÛ¬Ûé ÍÛ¾Û›ÛÈÛÛé.  

 (c) HCl …¨Ûä ¾ÛÛ¤éø J = 3 ¬Ûà J = 4 ¶Ûà ÍÛ×’õÛ×Ü©Û ÍÛÛ¬Ûé 80 cm–1¶Ûä× ÜÈÛïõÁõ¨Û ÍÛ×ïõÇÛýÛéÅÛä× ™öé. ´ù§ø 
½Ûó¾Ûïõ¶Ûà ÍÛ¾ÛÜ¶Ûïõ¤ø©ÛÛ¶ÛÛé Š¸ÛýÛÛé•Û ïõÁõà¶Ûé HCl ¾ÛÛ¤éø ›÷¦ø©ÈÛ¶Ûà ˜ÛÛïõ¾ÛÛªÛÛ¶Ûà •Û¨Û©ÛÁõà ïõÁõÛé.  

  HCl ¶Ûä –ÛÜ¤ø©Û (reduced) þùÇ = 1.60 × 10–27 kg, h = 6.64 × 10–34 J. sec, C = 3 × 108 m/s. 3 

…¬ÛÈÛÛ 
  CO …¨Ûä¶ÛÛ ¼Û×µÛ¶Ûä× ¼ÛÇ …˜ÛÇÛ×ïõ 1870 N/m ™öé, ©ÛÛé …¨Ûä¶ÛÛ þùÛéÅÛ¶Û¶Ûà …ÛÈÛèÜ«Û •Û¨ÛÛé.  
 
2. (a) ÁõÛ¾Û¶Û …ÍÛÁõ …é¤øÅÛé ÉÛä× ? ÁõÛ¾Û¶Û …ÍÛÁõ ¾ÛÛ¤éø ¸Ûó̃ ÛÜÅÛ©Û-ÈÛÛþù¶Ûà ˜Û˜ÛÛÙ ïõÁõÛé.  6 

                                 …¬ÛÈÛÛ 
  ÉÛä±ù ˜Û’õàýÛ (½Ûó¾Û¨ÛàýÛ) ÁõÛ¾Û¶Û ÈÛ¨ÛÙ̧ Û¤ø¶Ûà ÍÛ¾Û›æ÷©Ûà …Û¸ÛÛé. ›÷ÄõÁõà ÍÛæªÛÛé ÍÛÛ¬Ûé þùÉÛÛÙÈÛÛé ïéõ ˜Û’õàýÛ 

(½Ûó¾Û¨ÛàýÛ) ÁõÛ¾Û¶Û Áéõ”ÛÛ…Ûé ÍÛ¾ÛÛ¶Û …×©ÛÁéõ ™öé.  

 (b) ÁõÛ¾Û¶Û ÈÛ¨ÛÙ̧ Û¤ø ¾ÛéÇÈÛÈÛÛ¶Ûà ¸ÛóÛýÛÛéÜ•Ûïõ Áõà©Û ÈÛ¨ÛÙÈÛÛé. 4 

                      …¬ÛÈÛÛ 
  ¸ÛÊ˜ÛÛþù ¸ÛóÍºäõÁõ¨Û Š©ÍÛ›÷Ù¶Û¶Ûà –Û¤ø¶ÛÛ ÈÛ¨ÛÙÈÛÛé.  

 (c) Š«ÛéÜ›÷©Û Áéõ”ÛÛ 4358 Å ÍÛÛ¬Ûé …éïõ ¶Û¾Ûæ¶ÛÛé 4458 Å ©ÛÁ×õ•Û-ÅÛ×¼ÛÛˆ…é Í¤øÛéïõ Áéõ”ÛÛ …Û¸Ûé ™öé. 
…ê¤øàÍ¤øÛéïõ Áéõ”ÛÛ¶Ûà ©ÛÁ×õ•Û-ÅÛ×¼ÛÛˆ¶Ûà •Û¨Û©ÛÁõà ïõÁõÛé. 4 

                                         …¬ÛÈÛÛ 
  ¶Ûà˜Ûé þùÉÛÛÙÈÛéÅÛ îÈÛÛé¶¤ø¾Û …×ïõÛé ¾ÛÛ¤éø ¸Ûé¤øÛÜÍ¬ÛÜ©Û¶ÛÛ –Û¤øïõÛé¶Ûà •Û¨Û©ÛÁõà ïõÁõÛé : 
  (i) 1π, 
  (ii) 2π 
  (iii) 3π  
  (iv) 4∆  
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3. (a) ÍÛ×Ü¾ÛÜ©Û …¶Ûé …ÍÛ×Ü¾ÛÜ©Û ©ÛÁ×õ•Û ÜÈÛµÛéýÛÛé …é¤øÅÛé ÉÛä× ? ¼ÛÛé¡ö …Ûˆ‡ÍÛ¤øÛˆ¶Û …¶Ûé ºõ¾Ûâ Ü¦øÁõÛïõ 
Í¤éøÜ¤øÜÍ¤øîÍÛ ÈÛ˜˜Ûé ½Ûéþù Í¸ÛÌ¤ø ïõÁõÛé. 8 

                          …¬ÛÈÛÛ 
  ÜÅÛýÛÛéÜÈÛÅÛé ¸Ûó¾ÛéýÛ¶Ûä× îÈÛÛ¶¤ø¾Û ýÛ×ªÛÉÛÛÍªÛ¶Ûä× ÍÈÛÄõ¸Û ¾ÛéÇÈÛÛé.  

 (b) ˜Û’õàýÛ (½Ûó¾Û¨ÛàýÛ) ¸ÛÛ¤øâÉÛ¶Û ÜÈÛµÛéýÛ ¾ÛÛ¤éø¶Ûä× ÍÛæªÛ ¾ÛéÇÈÛÛé. 6 

                   …¬ÛÈÛÛ  
  þùÛéÅÛ¶ÛàýÛ ¸ÛÛ¤øâÉÛ¶Û ÜÈÛµÛéýÛ ¾ÛÛ¤éø¶Ûä× ÍÛæªÛ ¾ÛéÇÈÛÛé.  

 
4. (a) ïõþù ÜÍ¬ÛÜ©ÛÍ¬ÛÛ¸Ûïõ …×ïõ¶Ûà ÈýÛÛ”ýÛÛ …Û¸ÛÛé …¶Ûé þùÉÛÛÙÈÛÛé ïéõ –Û¶Û ÍºõÜ¤øïõ ¾ÛÛ¤éø ©Ûé¶Ûä× ¾ÛæÅýÛ                  

B = (1/3) [C11 + 2C12] ›÷é¤øÅÛä× ÐüÛéýÛ ™öé.  6 

                           …¬ÛÈÛÛ  
  ºõ¾Ûâ Ü¦øÁõÛïõ ÜÈÛÍ©ÛÁõ¨Û ¸ÛÁõ ©ÛÛ¸Û¾ÛÛ¶Û¶Ûà …ÍÛÁõ ˜Û˜ÛÛë.  

 (b) ÜªÛ¸ÛÜÁõ¾ÛÛ¨Û¾ÛÛ× ¾Ûäî©Û ˆÅÛéî¤ÖøÛé¶Û ÈÛÛýÛä ¾ÛÛ¤éø¶Ûä× ËÛÛéÝ¦ø›÷Áõ ÍÛ¾ÛàïõÁõ¨Û ÅÛ”ÛÛé. ©Ûé¶Ûé …¶ÛäÄõ¸Û …Ûˆ•Û¶Û 
ÜÈÛµÛéýÛÛé …¶Ûé …Ûˆ•Û¶Û ¾ÛæÅýÛÛé ¾ÛéÇÈÛÈÛÛ ¾ÛÛ¤éø ©Ûé¶ÛÛé ŠïéõÅÛ ¾ÛéÇÈÛÛé …¶Ûé ©Ûé ¸ÛÁõ¬Ûà ºõ¾Ûâ Œ›ÛÙ¶Ûä× ÍÛæªÛ 
©ÛÛÁõÈÛÛé.  8 

…¬ÛÈÛÛ 
  ¸ÛóÜ©Û¼ÛÅÛ –Û¤øïõÛé ¾ÛÛ¤éø¶Ûä× ÍÛÛ¾ÛÛ¶ýÛ ËÛéÜ¨Ûïõ ÍÛ¾ÛàïõÁõ¨Û ÅÛ”ÛÛé. ÜÍ¬ÛÜ©ÛÍ¬ÛÛ¸Ûïõ Œ›ÛÙ –Û¶Û©ÛÛ …¶Ûé ÍÛ×Ü¾ÛÜ©Û 

þùÅÛàÅÛÛé¶Ûà ¾Ûþùþù¬Ûà ÍÛÛÜ¼Û©Û ïõÁõÛé ïéõ –Û¶Û ÍºõÜ¤øïõ ¾ÛÛ¤éø¶ÛÛ 36 þäù•ÛÙ¾ýÛ©ÛÛ (stiffness) …˜ÛÇÛ×ïõÛé¶Ûà 
ÍÛ×”ýÛÛ 3 ÍÈÛ©Û×ªÛ …˜ÛÇÛ×ïõÛé¾ÛÛ× ºéõÁõÈÛÛˆ ›ÛýÛ ™öé.  

 
5. ¤æ×øïõ¾ÛÛ× ›÷ÈÛÛ¼Û …Û¸ÛÛé : 14 

 (i) ¦øÛˆÅÛéÉÛ¶Û¶Ûà ÈýÛÛ”ýÛÛ …Û¸ÛÛé.  
 (ii) ÜÍ¬ÛÜ©ÛÍ¬ÛÛ¸Ûïõ Œ›ÛÙ –Û¶Û©ÛÛ¶Ûà ÈýÛÛ”ýÛÛ …Û¸ÛÛé.  
 (iii) Í©ÛÁõÛé¶Ûà –Û¶Û©ÛÛ¶Ûà (density of States) ÈýÛÛ”ýÛÛ …Û¸ÛÛé.  
 (iv) ÅÛÛéÁéõ¶¤Õø¡ö …×ïõ (Lorentz Number) …é¤øÅÛé ÉÛä× ? 

 (v) …¨Ûä¶Ûà ÅÛÛ“ÛÜ¨Ûïõ þùÛéÅÛ¶ÛàýÛ ©ÛÛ¸Û¾ÛÛ¶Û¶Ûà ÈýÛÛ”ýÛÛ …Û¸ÛÛé.  
 (vi) ºõ¾Ûâ…Ûé¶ÍÛ (Fermions) …é¤øÅÛé ÉÛä× ? 

 (vii) –ÛÜ¤ø©Û ®ùÈýÛ¾ÛÛ¶Û¶Ûà (reduced mass) ÈýÛÛ”ýÛÛ …Û¸ÛÛé.  
 (viii) ¸ÛóÍºäõÁõ¨Û¶Ûà (Fluorescence) ÈýÛÛ”ýÛÛ …Û¸ÛÛé.  
 (ix) ∧ = 0 ¾ÛÛ¤éø …¨Ûä¶Ûà ˆÅÛéî¤ÖøÛéÜ¶Ûïõ …ÈÛÍ¬ÛÛ þùÉÛÛÙÈÛÛé.  
 (x) “…¨Ûä ¾ÛÛ¤éø ½Ûó¾Û¨ÛàýÛ …¶Ûé þùÛéÅÛ¶ÛàýÛ …ÈÛÍ¬ÛÛ…Ûé ÐüÛéýÛ ™öé ¸ÛÁ×õ©Ûä ¸ÛÁõ¾ÛÛ¨Ûä ¾ÛÛ¤éø ¶Û¬Ûà ÐüÛé©Ûà” ¤æ×øïõ¾ÛÛ× 

˜Û˜ÛÛë.  
 (xi) ÁõÛ¾Û¶Û ÜÉÛ¹¤ø …é¤øÅÛé ÉÛä× ? 

 (xii) ºõ¾Ûâ Œ›ÛÙ¶Ûà ÈýÛÛ”ýÛÛ …Û¸ÛÛé.  
 (xiii) ¦øà-›÷¶ÛÁõÍÛà …é¤øÅÛé ÉÛä× ? 

 (xiv) ŠÌ¾ÛÈÛÛÐüïõ©ÛÛ¶Ûà ÈýÛÛ”ýÛÛ …Û¸ÛÛé.  
___________ 
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Instructions : (1) All questions carry equal marks. 
   (2) Symbols have usual scientific meanings. 
 
1. (a) Explain salient features of Rotational spectra with a suitable example. 5 

     OR 

  Explain salient features of Vibrational-Rotational spectra with a suitable example. 

 (b) Describe an experimental arrangement to obtain pure rotational spectra in 
absorption.  6 

OR 

  Explain with necessary expression how vibrational constant could be determined 
from infrared spectrum of anharmonic oscillator. 

 (c) The transition J = 3 to J = 4 in HCl is associated with radiation of 80 cm–1. Using 
the rigid rotator approximation, calculate the moment of inertia of HCl. 

  Given that : reduced mass of HCl molecule = 1.60 × 10–27 kg, h = 6.64 × 10–34 J. 
sec, C = 3 × 108 m/s. 3 

OR 

  The force constant of the bond in CO molecule is 1870 N/m. Calculate the 
frequency of vibration of the molecule. 

 
2. (a) What is Raman Effect ? Discuss the classical theory of Raman Effect. 6 

                                 OR 

  Explain pure rotational Raman spectra in brief. With necessary expressions, show 
that rotational Raman lines are equidistant. 

 (b) Discuss the experimental arrangement for Raman spectra. 4 

                      OR 

  Describe the phenomenon of Phosphorescent emission. 

 (c) With exciting line 4358 Å, a sample gives Stokes line at 4458 Å. Deduce the 
wavelength of the anti-stokes line. 4 

                                         OR 

  Calculate the components for substates for the following quantum numbers : 
  (i) 1π, 
  (ii) 2π 
  (iii) 3π  
  (iv) 4∆  
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3. (a) What are symmetric and anti symmetric wave functions and hence distinguish 
Bose-Einstein & Fermi-Dirac statistics. 8 

                          OR 

  Obtain the quantum mechanical analogue of Liouville’s theorem. 

 (b) Obtain the expression for Rotational partition function. 6 

                   OR 

  Obtain the expression for vibrational partition function. 

 
4. (a) Define the term Bulk modulus and hence show that for a cubic crystal, the Bulk 

modulus B = (1/3) [C11 + 2C12]. 6 

                           OR 

  Discuss the effect of temperature on Fermi-Dirac distribution. 

 (b) Write Schrödinger equation for free electron gas in three dimensions. Solve it to 
obtain eigen values and eigen functions. Hence obtain the expression for Fermi 
energy.  8 

OR 

  Write general matrix equation for stress components. Prove with the help of elastic 
energy density and symmetry arguments that for 36 elastic stiffness constants 
reduces to 3 independent one for cubic crystal. 

 
5. Answer in short :  14 

 (i) Define the term Dilation. 

 (ii) Define elastic energy density. 

 (iii) Define density of States. 

 (iv) What is Lorentz Number ? 

 (v) Define characteristic vibrational temperature of a molecule. 

 (vi) What are Fermions ? 

 (vii) Define reduced mass. 

 (viii) Define Fluorescence. 

 (ix) Designate the electronic state of a molecule corresponding to ∧ = 0. 

 (x) “The molecules have rotational and vibrational states but atoms do not”. Comment. 

 (xi) What is Raman Shift ? 

 (xii) Define Fermi energy. 

 (xiii) What is Degeneracy ? 

 (xiv) Define Thermal conductivity. 
___________ 


